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uation  criteria  and  suggestions  made  for  presentation  of  results 


PREFACE 


This  handbook  prasanta  tha  mathoda  uaad  in  taating  and 
evaluating  aircraft  fual  aubayatama  at  tha  Air  Forca  Flight 
Teat  Cantar  (AFFTC),  Edwarda  AFB,  California.  Tha  work  waa 
dona  under  the  authority  of  tha  Study  Plan  for  DavalopuMnt  of  a 
Handbook  for  Aircraft  Fuel  Subayatam  Tasting. 

The  format  of  thia  handbook  ia  choaan  to  make  it  eaaily 
used  by  project  engineers  of  tha  Subaystama  Branch.  Airframe 
Systems  Division  of  Flight  Test  Engineering,  AFFTC.  It  is 
designed  to  introduce  a  newly  assigned  flight  test  engineer 
to  the  subject  and  provide  a  working  reference  for  planning 
and  conduct  of  fuel  subsystem  flight  tests  and  analysis,  evalu¬ 
ation  and  reporting  of  results. 

The  material  in  this  handbook  on  teat  planning  and  on 
analysis  and  interpretation  was  largely  derived  by  updating, 
augmenting  and  re-formating  instruction  material  already  in 
existence. 
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INTRODUCTION 


The  purpose  of  this  Handbook  is  to  provide  the  AFPTC  Plight 
Test  Engineer  responsible  for  evaluation  of  an  airplane 
fuel  system  with  the  background#  ph'osophy  and  procedures 
for  planning#  conduct#  data  analysis  and  evaluation  of  fuel 
system  tests.  It  is  advisory  in  nature  and  neither  supersedes 
Air  Force  Requirements  nor  relieves  the  Plight  Test  Engineer 
of  the  exercise  of  judgement  in  its  application. 

The  following  subjects  are  addressed t 

1.  The  objective  of  the  AFFTC  evaluation  and  its 
relationship  to  design  requirements  and  to  the  needs  of  the 
operational  user. 

2.  Fuel  system  elements  and  basic  functions. 

3.  A  review  and  analysis  of  requirements  (MIL-F-38363) 

4.  Planning  of  flight  tests. 

5.  Data  analysis  and  system  evaluation. 


OBJECTIVES  AND  ENVIRONMENT  OP  AFFTC  TESTS 


The  AFFTC  is  a  bridge  between  the  design  engineer  and 
the  operational  user.  Center  evaluations  of  aircraft  require 
not  only  engineering  expertise  to  conduct  a  technical  evaluation 
but  also  a  keen  and  perceptive  evaluation  of  the  needs  of  the 
operator  and  of  the  environment  in  which  the  aircraft  is  to 
fulfill  its  mission.  As  an  illustration  of  operation  needs 
one  may  consider  the  tactical  pilot  who  may  have  to  operate 
in  an  environment  ranging  from  difficult  and  distracting  to 
actively  hostile.  Fuel  systems  should  be  designed  to  minimize 
pilot  distraction  and  workload.  For  example •  precision  flying 
in  the  downwash  of  a  large  tanker  is  only  one  of  many  required 
skills  and  is  an  interruption  of  his  basic  mission.  Hence, 
operation  of  the  refueling  subsystem  should  be  accomplished 
quickly  and  require  only  a  reasonable  level  of  skill  and 
concentration.  It  should  also  fill  internal  (non*-droppable ) 
tanks  first.  Similarly,  field  servicing  should  be  fast,  simple 
ami  as  error  proof  under  stress  as  is  reasonably  feasible. 

Considerable  attention  will  necessarily  be  given  to  testing 
against  specific  requirements  but  the  flight  test  engineer 
should  seek  comment  from  flight  crews  with  operational  experience 
and  continuously  encourage  ground  crews  to  evaluate  the  aircraft 
as  an  operational  system.  The  present  Handbook  attempts  to 
emphasize  this  approach  but  in  the  last  resort  it  cannot  be 
fully  defined  in  print  but  must  be  ensured  by  the  attitude  and 
objectives  of  the  test  team. 

POSITION  OF  AFFTC  IN  THE  DEVELOPMENT  AND  EVALUATION  PROCESS 

Figure  1  (page  83)  presents  an  overview  of  development, 
test  and  evaluation  and  indicates  where  AFFTC  fits  in  the 
process. 

The  contractor  responds  to  the  specific,  program  peculiar 
requirements  of  his  contract  and  to  general  fuel  system  require¬ 
ments  with  an  "end  item  specification"  for  the  fuel  system  of 
his  aircraft.  He  then  design  his  system  and  tests  it  on  a 
simulator  which  embodies  the  actual  hardware  and  geometry  to 
be  used.  Date  from  these  tests  are  primarily  reviewed  by  the 
System  Project  Office,  Aeronautical  System  Division.  The 
contractor  is  also  required  to  demonstrate  compliance  with 
specification  by  flight  test  of  an  aircraft  representative  of 
the  production  version. 

The  function  of  AFFTC  is  primarily  to  oversee  and  cooperate 
in  these  flight  tests,  performing  independent  analyses  of  the 
data  and,  if  necessary,  conducting  additional  tests.  AFFTC 
also  establishes  actual  aerial  refueling  envelopes,  using  as  a 
starting  point  conservative  envelopes  validated  by  Aeronautical 
System  Division  from  contractor  data. 
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AGENCIES  INVOLVED 


Teata  of  the  fuel  ayatem  are  uaually  conducted  by  a  Combined 
Teat  Force,  involving  a  number  of  Air  Force  agenciea  aa  well  aa 
the  contractor.  Table  1  (page  59)  ahowa  the  intereat  and 
reaponaibility  of  each  of  the  major  agenciea  uaually  involved. 

It  la  important  to  appreciate  the  Intereat  and  expertiae  of 
the  agenciea  involved  in  or<*er  to  cooperate  effectively.  For 
example, 


a.  The  contractor  developa  the  ayatem  and  demonatratea  to 
the  ayatem  Program  Office  that  it  meeta  apeciflcatlona. 

b.  The  Syatem  Program  Office  revlewa  and  analyaea  the 
data  to  check  compliance. 

c.  The  AFFTC  independently  analyaea  data,  performa  additional 
teata  aa  neceaaary,  worka  with  the  System  Program  Office  and  thus 
provides  an  independent  evaluation. 

MULTI-PURPOSE  FLIGHT  TESTS 

Many  fuel  ay stems  testa  having  secondary  importance  will 
be  performed  during  other  teats  or  during  flight  which  alao 
involve  other  tests.  Hence,  the  engineer  responsible  for  the 
fuel  system  tests  musti 

a.  See  that  his  tests  are  properly  performed. 

b.  Lnsure  that  any  incidents  pertinent  to  the  fuel  system 
are  observed  and  reported  by  flight  or  ground  crews,  whenever 
they  occur. 

Also,  the  engineer  must  work  with  other  AFFTC  organiaatlons 
such  as  Human  Factors,  Reliability  and  Maintainability  or 
Technical  Order  Verification.  Such  Interfaces  are  identified 
in  the  section  on  planning  of  flight  tests. 
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F  3T.  SYSTEM  FUNCTIONS  AND  ELEMENTS 

This  section  pres'inta  a  review  of  the  functions,  subsystems 
and  components  of  the  fuel  systems  of  military  aircraft,  Illus¬ 
trated  by  reference  to  actual  fuel  systems  of  a  cargo  aircraft 
(C-130H)  and  a  modern  fighter  (F-15).  It  Is  the  responslbllty 
of  the  project  engineer  to  become  Intimately  familiar  with  the 
fuel  system  of  his  aircraft  and  to  be  alert  for  possible  weak 
points.  Examples  which  have  entered  service  Include i 

a.  Trailing  engines  of  a  multl-englned  transport  starved 
In  a  sideslip. 

b.  All  engines  quit  In  a  mild  pushover. 

c.  Gravity  fuel  transfer  (after  transfer  pump  failure) 
insufficient  to  maintain  level  in  feed  tanks  except  at  fairly 
nose-high  attitudes. 

d.  Fuel  going  to  one  wing  in  an  uncoordinated  turn 

e.  Premature  shut-off  when  refueling  due  to  fuel  slosh 

The  Air  Force  aircraft  Is  a  military  platform  whose 
function  is  to  move  weapons,  cargo  or  personnel  in  support  of 
military  objectives.  This  presupposes  a  propulsion  system, 
which  in  turn  must  be  supported  by  a  fuel  system.  Fuel  is 
heavy  and  bulky  and  takes  up  a  large  portion  of  the  total 
weight  of  and  space  available  in  the  aircraft.  Often  it 
must  be  stowed  at  appreciable  distancus  from  the  airplane 
center  of  gravity,  with  the  result  that  the  sequence  in 
which  the  tanks  are  used  can  impact  stability  and  control¬ 
lability.  Fuel  is  also  flammable  and  potentially  explosive. 
Hence  the  fuel  system,  although  a  support  system,  car.  have  a 
major  adverse  impact  on  operability.  The  well-designed  fuel 
system  must  support  the  aircraft  in  its  mission  safely,  simply 
and  with  minimum  constraints.  It  must  operate  satisfactorily 
throughout  the  flight  envelope  and  during  all  permissible 
maneuvers  on  aircraft  "normally  operated  by  a  single  pilot" 
it  must  be  fully  automatic  in  its  normal  flight  functioning 
after  activation. 

Fuel  system  functions  and  elements  will  now  be  discussed 
with  particular  relationship  to: 

a.  The  C-130H  system,  representative  of  system  supervised 
hv  a  flight  engineer. 

b.  The  F-ISA  system,  representative  of  an  automatic  system 
for  an  aircraft  "normally  operated  by  a  single  pilot". 
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The  schematic  for  the  C-130H  system  is  shown  in  Figures  2 
(port  side)  and  3  (starboard  side).  The  fuel  control  panel, 
which  is  mounted  overhead,  is  shown  in  Figure  4  (page  86). 

This  panel  shows  a  quite  effective  approach  to  meeting  the 
requirements  of  MIL-F-38363B,  paragraph  3.5.3.10,  for 
cockpit  fuel  controls,  which  include  the  following: 

Controls  shall  be  grouped  in  a  functional  manner. 

A  simplified  diagram  shall  be  Inscribed  on  the  panel 
with  tan)cs  represented  by  their  symbols  or  by  quantity  indicators. 

Switches  shall  clearly  indicate  ability  of  fuel  to  flow 
or  be  stopped. 

Figure  5  (page  87  )  shows  the  tank  layout  and  the  gaging 
presentation  for  the  F-15A.  The  gage  pointer  indicates  total 
internal  fuel  (with  readings  multiplied  by  1000).  The  upper 
counter  marked  TOTAL  LBS  indicates  total  internal  plus  external 
fuel.  The  two  lower  counters,  marked  LEFT  and  RIGHT,  and  a 
selector  switch  provide  individual  tank  monitoring  and  a  check 
of  the  indicator.  Figure  6  shows  the  location  of  the  fuel 
systera  controls  and  indicators.  Since  the  F-15A  system  is 
basically  automatic,  the  panel  is  rather  simple.  The  schematic 
for  the  total  system  is  shown  in  Figure  7. 

TYPICAL  FEATURES  OP  FUEL  SYSTEMS 

The  C-130H  fuel  system  is  reasonably  representative  of  multi¬ 
engined  aircraft.  Also,  as  it  is  manually  controlled  by  the 
flight  engineer  the  implementation  of  some  functions  is  more 
easily  followed.  This  system  (Figures  2  through  4)  will  therefore 
be  used  to  illustrate  the  basic  functions  and  features  of  the 
fuel  systems  of  military  aircraft. 

It  is  required  that  there  be  one  main  (feed)  tank  per 
engine,  by  which  that  engine  is  normally  supplied  (tanks  1 
through  4  of  Figures  2  and  3).  Fuel  is  normally  pumped  from 
each  main  tank  by  a  booster  pump.  Unless  the  primary  feed  is 
by  gravity  flow  there  must  be  a  backup  mode  such  as  tank  pres¬ 
surization  or  gravity  feed.  (The  C-130H  uses  gravity  feed  as 
backup.)  There  is  a  low  pressurt^  warning  light  switch  at  each 
engine . 

It  is  also  required  that  it  be  possible  to  feed  any  or  all 
engines  from  any  main  tank.  Control  of  this  "cross-feed*  is 
effected  by  the  cross-feed  valve  switches  and  cross-feed 
separation  switch  (between  port  and  starboard  sides,  primarily 
to  balance  fuel  in  the  two  wings). 


other  tanks r  whether  internal  or  external ,  are  classified 
in  MIL-F-38363  as  "transfer"  tanks.  Usually  these  replenish 
the  main  tanks.  In  the  case  of  the  C-130H,  however »  they 
feed  the  engines  directly  through  the  cross-feed  manifold. 

Their  pumps  deliver  a  higher  pressure  than  those  in  the  main 
tanksr  resulting  in  preferential  feed  from  the  auxiliary  tanks. 
The  C-130H  has  two  internal  auxiliary  tanks  and  two  optional 
external  tanks. 

Military  aircraft  are  now  required  to  have  an  explosion 
suppression  subsystem  such  as  nitrogen  (or  Halon  1301)  pressur¬ 
ization  or  reticulated  polyurethane  foam.  The  C-130H  does 
not  have  this,  while  the  P-15  has  foam  for  fire /explosion 
suppression. 

Tanks  must  be  protected  from  excessive  differential 
pressure,  positive  or  negative.  The  C-130H  tanks  are  vented  to 
the  atmosphere.  Those  in  the  F-15  are  pressurized  by  engine 
bleed  air,  which  maintains  positive  pressures  during  fast 
descents,  and  have  excess  pressure  venting.  Tanks  must  be 
designed  to  leave  an  expansion  space  when  filled  normally,  but 
overboard  venting  of  excess  fuel  must  also  be  provided. 

MlL-F-38363  requires  that  all  aircraft  with  an  internal 
fuel  capacity  of  600  gallons  or  more  should  have  provision  for 
refueling  of  all  tanks  from  one  or  more  pressure  refueling 
points.  The  C-130  has  a  single  point  located  in  the  right  aft 
landing  gear  fairing.  This  receptacle  can  be  used  for  refueling 
and  defueling.  It  supplies  the  tanks  through  the  refueling 
manifold,  each  tank  having  its  own  float  operated  shut-off  valve. 
Each  tank  can  also  be  Individually  filled  through  a  filler 
opening  in  top. 

Provision  should  be  made  to  dump  fuel  quickly  ar.d  safely  in 
preparation  for  an  emergency  landing.  On  the  C-130H  there  is  a 
dump  switch  for  each  tank.  Tne  system  dumps  all  fuel  overboard 
except  2100  pounds  in  each  outboard  main  tank,  1800  pounds  in 
each  inboard  main  tank  and  60  pounds  in  each  external  tank. 

A  sump  is  usually  provided  in  each  tank  to  collect  water 
and  contaminants.  This  must  be  drainable  without  draining  the 
tank.  The  C-130H  has  a  system  to  keep  the  water  stirred  up. 

It  also  has  a  heater  at  each  engine  to  prevent  ice  in  the  fuel 
from  blocking  the  fuel  flow. 

Aerial  refueling  is  provided  in  most  Air  Force  aircraft. 

This  is  discussed  below  as  part  of  the  discussion  of  the  sub¬ 
system. 

FUEL  SYSTEM  SUBSYSTEMS 

MIL-F-38363  divides  the  fuel  system  into  eight  sub¬ 
systems.  The  functions  of  these  will  now  be  discussed,  using 
the  C-130H  and  F-15A/B  as  illustrative  examples. 


Engine  Feed  and  Transfer  Subaystero: 


This  moves  the  fuel  from  the  tanks  to  the  engine (s)  and 
also  moves  fuel  between  tanks.  Each  engine  is  normally  supplied 
from  its  own  "main"  or  "feed"  tank  but  on  multi-engined  aircraft 
it  is  required  that  any  or  all  engines  can  be  supplied  from  any 
main  tank.  In  normal  operation  fuel  is  transferred  out  of  the 
main  tank  by  a  fuel  boost  pump,  with  engine  compressor  bleed 
pressurization  or,  in  some  cases,  gravity  feed  as  a  backup. 

Boost  and  transfer  pumps  are  commonly  operated  individually 
by  electrical  or  hydraulic  power.  The  A-7  and  the  A-10,  how¬ 
ever,  use  ejector  pumps  for  boost  and  transfer,  operated  by 
high  speed  fuel  flow  from  other  pumps.  On  the  A-7,  for  example, 
there  are  two  such  primary  pumps,  one  engine  driven  and  one 
hydraulically  driven.  Ejector  pumps  are  very  simple  and 
highly  reliable. 

In  the  case  of  the  C-130H  the  boost  pump  switches  for  the 
main  tanks,  the  cross-feed  valves,  and  the  transfer  controls  to 
move  fuel  from  the  auxiliary  and  the  (optional)  external  tanks 
are  all  mounted  on  the  fuel  control  panel  (Figure  4  Page  86  ).  All 
control  is  manual.  In  contrast,  the  F-15  feed  and  transfer 
subsystem  is  automatic.  The  control  panel  is  limited  to  (a) 
switches  to  control  transfer  from  and  refueling  of  the  external 
tanks,  (b)  a  refueling  slipway  control  switch  and  (c)  a  dump 
switch.  Fuel  is  transferred  from  the  external  tanks  to  internal 
transfer  tanks  by  regulated  bleed  air  pressure  only.  The  bleed 
air  pressure  to  the  wing  external  tanks  is  higher  than  that  to 
the  centerline  tanks,  so  that  they  normally  transfer  first. 

Transfer  from  the  internal  transfer  tanks  to  the  feed  tanks  is 
normally  by  pumps  which  run  continuously.  Fuel  can  be  gravity 
fed  if  the  transfer  pumps  should  fail.  Feed  to  the  engines  is 
normally  by  right  and  left  main  boost  pumps.  These  are  backed 
up  by  an  emergency  boost  pump  in  the  left  engine  feed  tank 
(actually,  a  pair  of  interconnected  tanks)  which  can  feed  both 
engines  and  is  automatically  activated  in  the  case  of  a  failure 
of  either  boost  pump.  The  emergency  pump  alone  can  supply 
both  engines  at  all  non-afterburner  settings  at  altitudes  up 
to  30,000  feet.  Cross  feed  in  emergency  operation  is  automatic. 

Fuel  Tank  Subsystem i 

As  noted  above,  there  must  be  one  "main"  or  "feed*  tank 
per  engine.  All  other  tanks  are  classified  as  "transfer*  tanks, 
including  fixed  tanks  and  droppable  tanks.  In  some  systems 
transfer  tanks  can  supply  the  engine  directly  by  an  override  system. 

The  C-130H  has  four  integral  main  tanks  (one  per  engine) 
and  two  auxiliary  tanks  in  the  wing  inboard  of  the  engines. 

Bach  auxiliary  tank  is  made  up  of  three  bladder  type  cells 
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interconnected  to  form  one  assembly.  Additionally,  two  optional 
all-metal  external  fuel  tanks  may  be  carried  on  pylons  between 
the  inboard  and  putboad  engines.  The  P-IS  has  four  internal 
fuselage  tanks  and  two  integral  (wet)  tanka  in  the  wings. 

External  fuel  may  be  carried  in  thre  droppable  tanks  mounted 
on  the  centerline  and  at  the  inboard  wing  stations  or,  in 
later  models,  in  "conformal”  tanks.  Fuselage  tank  2  normally 
feeds  the  right  engine  and  tanks  3A  and  3B,  which  are  inter¬ 
connected,  the  left  engine.  All  other  tanks  are  transfer 
tanks. 

Pressurixation  and  Explosion  Suppression  Subsystem! 

Requlated  bleed  air  is  used  to  maintain  a  positive 
pressure  in  all  tanks.  It  is  also  used  to  transfer  fuel  from 
external  tanks  to  internal  tanks  and  may  also  be  used  as  a 
backup  means  of  internal  transfer.  An  explosion  suppression 
subsystem  is  now  called  for,  normally  either  baffle  material 
(reticulated  polyurethane  foam)  or  an  inert  gas  system.  The 
F-15A  has  foam  protection;  The  C-130H  does  not  have  an 
explosion  suppression  system  or  bleed  are  pressurization. 

Fuel  Vent  Subsystem: 

Vents  are  required  to  protect  the  fuel  tanks  from 
destructive  pressures  during,  for  example,  fast  descent* 

They  must  dump  any  excess  fuel  safely,  but  must  not  permit 
siphoning  or  cause  transfer  of  fuel  between  tanks  trough  the 
vent  plumbing.  The  C-130H  tanks  are  vented  to  maintain 
atmospheric  pressure.  The  Inboard  main  tanks  and  the  auxiliary 
tanks  have  a  "wraparound"  vent  system  which  permits  venting 
even  when  the  wings  are  not  level.  The  outboard  main  tanks 
are  vented  by  a  float  controlled  vent  valve  to  prevent  loss 
of  fuel  overboard  on  the  ground.  In  contrast,  the  F-15A 
tanks  are  pressurized  as  soon  as  the  weight  is  off  the  landing 
gear  and  are  protected  by  excess  pressure  relief  valves  and 
also  vacuum  relief  valves. 

Fuel  Quantity  Gaging  Subsystemi 

It  is  required  that  this  give  a  continuous  reading  of 
total  fuel  and  of  the  fuel  in  each  main  (feed)  tank.  . 

Quantitites  in  other  tanks  may  be  shown  by  switching.  If  the 
center  of  gravity  of  the  fuel  is  important  (and  controllable 
by  the  crew)  this  also  must  be  displayed.  Figures  4  and  6 
(Pages  86  and  88)  show  the  gaging  presentation  for  the.C-130H 
and  the  F-15A,  respectively.  It  will  be  seen  that  each  is 
well  suited  to  the  needs  and  environments  of  the  operational  crews 

Ground  Refueling  and  Defuelinq  Subsystemt 

On  all  aircraft  with. an  internal  fuel  capacity  of  600 
gallons  or  more  provision  must  be  made  for  pressure  refueling 
of  all  tanks  from  one  or  more  points  as  desired,  as  well  as  for 
gravity  refueling.  Provision  must  be  made  for  defueling  normally 
and  after  a  wheels-up  landing*  The  C-130  is  pressure  re¬ 
fueled  or  defueled  on  the  ground  from  a  single-point  receptacle 
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in  the  right  aft  landing  gear  fairing.  The  F-15A  Is  preeeure 
refueled  at  a  point  below  the  fuselage  and  defueled  at  a 
point  by  the  right  main  wheel  well.  It  does  not  meet  the 
requirement  for  defuellng  after  a  wheels  up  landing  without 
being  raised  to  provide  access  to  the  defuellng  point. 

Aerial  Refueling  Subsystemt 

Paragraph  3.12  of  MIL-F-38363B  states  that  "all  aircraft 
shall  have  aerial  refueling  capability  Installed  or  the 
space  and  structural  provisions  for  aerial  refueling" . 

Tills  subsystem  Is  a  major  concern  of  AFFTC  flight  test 
since  it  Involves  Inflight  performance  and  handling 
compatibility  of  tanker  and  receiver,  operating  envelopes 
and  the  overall  acceptability  of  the  tanker-receiver 
combination  In  the  appropriate  operational  context. 

Provision  Is  required  to  refill  all/any  tanks  In  flight. 

Large  aircraft  use  the  boom/receptacle  technique  but  aircraft 
with  gross  weight  below  75,000  pounds  may  use  the  probe  and 
drogue  method  If  this  Is  shown  to  be  more  suitable. 

The  boom  method  requires  that  the  receiver  aircraft  fly 
accurate  formation  behind  the  tanker  and  In  Its  down  wash, 
the  angle  of  which  varies  with  both  vertical  and  horizontal 
location,  while  the  receiver  weight  Is  changed  markedly  by 
loading  fuel.  Position  Is  attained  using  director  lights 
on  the  tanker  and  boom  operator  Instructions  If  radio 
transmission  Is  permissible.  The  boom  operator  then  Inserts 
the  (telescopic)  boom  In  the  receiver  receptacle.  The  boom 
is  normally  locked  in  place,  extractable  in  emergency  by  a 
tension  disconnect,  but  in  case  of  failure  of  the  catch, 
contact  can  be  maintained  by  boom  pressure.  After  connection 
has  been  made  communication  Is  by  an  Induction  system  In 
the  boom. 

Figure  8  (page  90)  Illustrates  the  boom  Installation  of 
the  KC-135  tanker.  The  operator  can  control  the  boom  in 
length,  azimuth  and  elevation.  It  must  be  recognized  that 
in  KC-135  boom  operation  "elevation"  Is  measured  downward 
from  the  tanker  waterline.  The  boom  Is  controllable  in 
length  from  404  to  551  inches  (6  ft  to  18  ft  extension). 

The  mechanical  limits  In  azimuth  are  +  30  deg,  but  disconnect 
Is  effected  at  +  10* .  The  disconnect  envelope  In  "elevation" 
is  20  deg  to  40  deg  (downward  from  the  tanker  waterline). 

The  KC-10  has  an  Advanced  Aerial  Refueling  Boom  which 
gives  a  wider  azimuth  envelope  and  greater  maximum  length. 

It  is  controlled  in  "pitch"  and  "roll",  where  "pitch"  Is 
the  angle  between  the  boom  and  an  approximately  horizontal 
reference  axis  and  "roll"  Involves  describing  and  arc  about 
that  axis  (Figure  9).  (This  Is  rather  similar  to  aircraft 
pitch  and  roll  measured  relative  to  the  direction  of  flight). 
The  pitch  envelope  is  20  deg  to  60  deq  and  the  roll  envelope 
+  25  deg.  Its  length  Is  434  Inches  retracted  and  680  Inches 
extended,  but  In  operation  the  telescopic  extension  Is  form 
5  feet  to  22  feet. 


17 


The  receiver  has  a  receptacle  feeding  the  refueling 
manifold,  a  slipway  to  guide  the  boom  nossle  Into  the 
receptacle  and,  usually,  a  retractable  door.  The  slipway 
has  lights  to  Illuminate  both  It  and  the  receptacle  bore 
for  night  refueling.  The  receiver  pilot  also  has  Indicator 
lights  as  follows t 


Blue 

Green 

Amber 

and  optionally  Green 


“Ready"  for  contact 
"Latched" 

" Disconnected “ 

“Door  unlocked" 


Probe  drogue  tanker  Installations  are  of  two  types. 

The  KC-135  uses  a  boom  to  drogue  adapter  kit  with  which  a 
boom  operator  has  some  control  over  the  drogue  position, 
which  can  be  used  In  testing  to  establish  a  disconnect 
envelope  (Figure  10  page  92).  Other  Installations  such  as 
that  in  the  KC-130  and  the  hose/reel  system  In  the  KC-10 
do  not  have  this  kind  of  control  by  the  tanker.  In  all 
cases  the  receiver  pilot  Is  responsible  for  hook-up  by 
maneuvering  the  probe  on  his  aircraft  into  the  drogue 
receptacle. 


Fuel  Dump  Subsystem: 

This  is  required  to  enable  fast,  safe  off-loading  of 
fuel  while  in  flight  In  preparation  for  an  emergency  landing 
or  an  Impending  crash  condition.  The  C-130H  has  a  fuel 
dump  switch  for  each  tank.  With  the  F-15A  dumping  Is 
initiated  by  a  single  switch.  A  dump  valve  is  opened  In 
each  internal  wing  tank,  upon  which  the  transfer  pumps  In 
fuselage  tank  No.l  and  the  Internal  wing  tanks  force  fuel  out 
of  the  wing  dump  mast(s}.  The  external  fuel  transfers  into 
the  wing  tanks  and  tank  No.l  and  Is  then  dumped.  Fuel  from 
the  main  (feed)  tanks  is  not  dumped. 


Heat  Exchangers: 

On  high  performance  aircraft  fuel  is  used  as  a  convenient 
heat  sink  into  which  to  dump  excess  heat  from  oil,  avionics 
systems  and  so  on.  For  example,  on  the  F-15  (Figure  7) 
fuel  pumped  from  the  main  tanks  passes  through  heat 
exchangers  on  its  way  to  the  engines.  If  the  fuel 
temperature  out  of  these  heat  exchangers  exceeds  195  deg.  F 
bypass  valves  open  which  allow  additional  fuel  flow  to  the 
exchangers.  This  additional  fuel  flow,  which  is  limited  to 
10  gal/mln  per  engine  is  returned  to  the  internal  wing 
tanks  and  so  cycles  back  through  the  system.  This  type  of 
arrangement  can  result  in  excessive  engine  fuol  inlet 
temperatures  in  flight  after  hot  soak  on  the  ground.  It 
can  also  result  In  the  cooled  systems  going  off  line  if 
boost  pumps  fall,  due  to  heat  build  up  in  the  cooled  systems. 
Particular  attention  should  be  paid  to  fuel  temperatures  at 
the  engine  fuel  pump  inlet  in  high  Hech  number  aircraft  at 
conditions  when  aerodynamics  heating  may  cause  high 
temperatures  in  the  fuel  in  the  tanks. 
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REVIEW  OF  DESIGN  AND  TEST  REQUIREMENTS 


This  section  reviews  the  requirements  for  design  and 
test  of  fuel  systems  frmii  the  standpoint  of  the  AFFTC  flight 
test  engineer,  who  represents  the  ultimate  user  of  the 
aircraft,  in  order  to  familiarise  the  engineer  with  the 
total  test  picture  and  with  the  background  against  which  he 
is  to  plan  and  conduct  his  tests.  Detailed  discussion  of 
planning  and  conduct  of  specific  tests  on  specific  aircraft 
follow  in  a  later  section. 

General  requirements  for  the  design  and  test  of  fuel  systems 
are  contained  in  Military  Specification  MIL-P-38363.  Based 
on  this,  the  supplier: 

a.  Creates  a  fuel  system  specification  for  the  proposed 
airplane  which  forms  part  of  the  "end  item  specification”  of 
the  contract.  This,  including  any  variances  from  the 
general  specification,  must  be  approved  by  the  procuring 
agency. 


b.  Performs  tests  on  a  simulator  to  verify  fuel  system 
performance.  The  simulator  reproduces  the  geometry  and 
hardware  to  be  used  on  the  airplane. 

c.  Performs  ground  and  flight  test  on  an  airplane 
representative  of  the  production  version  to  finally 
demonstrate  foel  system  performance. 

The  function  of  AFFTC  is  primarily  to  oversee  and 
cooperate  in  (c),  perform  independent  analysis  of  the  data 
and,  if  necessary,  perform  additional  tests  to  ensure  that 
the  airplane  meets  requirements,  with  special  emphasis  on 
being  satisfactory  in  the  operational  environments  in  which 
it  will  be  used. 

Design  requirements  are  given  in  Section  3  of  MIL-P-38363^ 
for  the  fuel  system  as  a  whole  and  for  each  subsystem. 

Tests  to  be  performed  on  the  simulator  are  specified  in  Section 
4.4  and  tests  to  be  performed  on  the  airplane  in  Section  4.5 
Of  the  requirements  in  Section  3,  some  are  detail  design 
requirements,  verifiable  against  the  detailed  fuel  system 
specification  for  the  particular  aircraft,  while  others 
require  verification  by  test  on  the  simulator  and/or  the  aircraft. 


^  Specific  paragraph  references  in  the  following  discussion  are 
to  MIL-F-38363B.  The  reader  should  consult  the  most  recent 
revision  of  the  specification. 
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CLASSIFICATICW  OF  REQUIREMENTS  OTHER  THAN  PLIGHT  REFUELING 
REQUIREMENTS 

In  developing  an  overview  of  the  program.  It  Is  helpful 
tc  first  consider  all  requirements  not  associated  with  aerial 
refueling  as  a  group.  It  is  also  helpful  to  subdivide  this 
group  as  follows t 

a.  Requirements  associated  with  normal  fuel  system 
functioning  under  all  design  operating  conditions. 

b.  Requirements  for  operation  with  one  or  more  component 
failure . 


c.  Requirements  associated  with  specific  items,  conditions 
and  functions  (e.g.,  fuel  dumping). 

d.  Maintainability  and  serviceability  requirements. 

Nominal  Fuel  System  Functioning^ t 

Requirements  of  this  type  which  lead  to  flight  test 
requirements  are  summarized  in  Table  2  (page  60).  In  essence 
these  requirements  are  that  in  normal  operation,  without 
component  failure,  all  aspects  of  fuel  system  operation 
shall  function  correctly  under  all  design  operating  conditions. 
Examples  are  continuous  feed  to  the  engines  under  all 
conditions,  control  of  center  of  gravity,  tank  pressurization 
and  venting.  The  flight  test  requirement  is  to  confirm 
proper  functioning  over  the  flight  envelope.  Hence  one 
key  to  effective  and  efficient  flight  test  is  to  identify 
those  parts  of  the  operational  envelope  which  stress  the 
functions  to  be  verified.  As  an  obvious  example,  fast, 
high-powered  climb  stresses  tank  venting,  fuel  feed  and 
transfer  while  fast  descent  checks  pressurization.  Past 
rolls,  sideslip,  pushovers  and  (where  applicable)  inverted 
flight  check  fuel  feed  in  necessary  parts  of  the  flight 
envelope.  Multiengined  aircraft  have  in  the  past  entered 
service  whose  engines  flamed  out  in  sideslip  or  in  a  mild 
pushover  (0.3g).  Severe  weight  asymmetry  has  resulted 
from  unintended  fuel  t..ansfer  between  wings  in  uncoordinated 
turns. 

Operation  with  One  or  More  Component  Failures; 

Requirements  of  this  typo  which  lead  to  flight  test 
requirements  are  summarized  in  Table  3,  page  63.  It  is  re¬ 
quired  that  the  aircraft  be  able,  for  example,  to  ccniiplete 
its  mission  in  the  event  of  failure  of  one  booster  puoqp  or 
one  transfer  pump.  Hence,  operation  of  all  engine  at  MAX 
power  must  be  possible  in  the  event  of  such  failure  on 
aircraft  with  afterburning  engines. 

2  "Nominal"  functioning  is  without  subsystem  or  component 
failure. 
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R«qulram»nt«  Aa«ociat«d  with  Specific  Condltlom  and 

Jhinctlone  t 

This  is  a  mixad  group  (Tabla  4  page  64).  Re^julrement 
3. 5. 3. 2.1,  that  "the  fuel  system  shall  be  designed  to 
operate  throughout  the  temperature  range  shovm  in  Table 
5"  requires  repeating  a  selected  set  of  the  general  functional 
tests  in  extreme  temperature  environments  (Alaska,  Eglin 
Climatic  Hanger).  Demonstration  of  compliance  with  3. 5. 3. 2. 2 
(ice  in  fuel)  could  be  part  of  the  above  tests  or  could  be 
an  ir  Impendent  ground  test. 

Compliance  with  the  requirement  for  safe,  fast  fuel 
dumping  and  the  requirements  on  fuel  transfer  (Section  3.6) 
will  obviously  be  demonstrated  by  specific  direct  flight 

tests. 

Maintenance  and  Serviceability  Requirements! 

When  testing  for  compliance  with  maintenance  and  service¬ 
ability  requirements  it  is  particularly  important  to  evaluate 
compliance  in  the  expected  context  or  operational  maintenance. 
High  priority  flight  test  programs  may  have  a  degree  of 
specialised  contractor  assistance  which  would  not  be 
available  to  an  operational  unit.  The  flight  test  engineer 
should  ensure  that  the  operational  context  is  kept  in  mind 
by  all  personnel  concerned  with  evaluation  of  maintainability 
and  eerviceablllty . 

Table  6  page  67  summarises  major  requirements  in  the 
category  from  MiL-F-35363.  There  is  a  blanket  requirement 
for  maintainability  with  standard  tools  (paragraph  3.4) 
which  should  be  kept  in  mind  by  all  concerned  throughout 
the  teat  program.  There  are  a  number  of  specific  requirements 
on  accessibility  for  which  suggested  approaches  are  given 
in  the  commenta  column.  In  general,  if  the  Maintenance 
Manual  procedures  meet  requirements  a  check  test  should 
only  be  necessary  if  there  ie  reason  to  doubt  that  these 
procedures  are  realistic.  However,  the  tiroes  to  install 
tanks  (paragraphs  3. 7. 1.9.1  and  i.7.2.2.2)  should  be  checked 
for  representative  cases  for  the  operational  style  maintenance 
context.  Refueling  times  must  be  checked  by  specific 
dedicated  tests.  Ttems  such  as  liquid  nitrogen  servicing 
rates  can  conveniently  be  checked  during  routine  maintenance. 

REQUIREMEirr  ASSOCIATED  WITH  FLIGilT  REFUELING 

This  Handbook  addresses  only  testing  a  receiver  aircraft 
in  association  with  fully  qualified  tanker,  since  the  t  ted 
to  qualify  tankers  arises  infrequently. 
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The  emphasla  of  testa  aaaoclated  with  aerial  refueling 
is  somewhat  different  from  that  of  other  tests  of  fuel  sub¬ 
systems.  In  the  other  teats,  the  emphasis  Is  on  showing 
that  the  fuel  system,  in  addition  to  meeting  a  number  of 
specific  requirements,  does  not  unduly  constrain  the 
operational  capability  of  the  aircraft  In  aerial  tefuellng 
tests,  the  configurations  and  performance  envelopes  of  the 
tanker  aircraft  are  given  and  the  emphasis  of  the  flight 
tests  is  quite  largely  on  establishing  a  refueling  operational 
envelope  over  which  refueling  can  be  satisfactorily  performed 
in  the  expected  operational  environment.  As  a  result  of 
this  difference.  Section  4.5  of  MIL-F-38363B  calls  for  a 
substantial  amount  of  testing  which  Is  aimed  at  establishing 
this  receiver/tanker  Interface  rather  than  at  demonstrating 
compliance  with  specific  requirements  laid  down  In  Section 
3.12  of  the  specification.  AFFTCR  80-3  establishes  general 
requirements  for  aerial  refueling  testing.  Instrumented  KC- 
135  and  KC-10  tankers  are  used. 

Test  aircraft  which  have  unqualified  aerial  refueling 
systems  must  have  an  approved  preliminary  aerial  refueling 
envelope  established  before  any  aerial  refueling  tests. 

Approval  is  normally  the  responsibility  of  the  system 
program  office  for  the  receiver  aircraft  being  tested.  The 
system  program  office  should  furnish  the  approved  prallmlnary 
envelope  to  Bomber  Test  Operations  and  Flight  Test  Engineering, 
Subsystem  Branch  for  review  before  scheduling  refueling 
testa. 

The  ground  tests  are  summarised  In  Table  7  (page  72) 
for  both  receptacle  and  probe/drogue  systems.  These  are 
designed  to  check  functioning  as  far  as  possible  and 
establish  a  conservative  operational  envelope  before 
proceeding  to  flight  tests.  Functional  tests  are  performed 
of  all  components. 

If  feasible,  the  effectiveness,  placement,  brlghtness/dlmness 
and  aiming  of  receptacle  and  formation  lights,  pilot  director 
lights,  boom  noszle  lights,  drogue  lighting  and  platform 
reference  lights  will  be  evaluated  on  the  ground  under 
simulated  night  conditions.  Receiver  lighting  will  be 
evaluated  by  boom  operators  for  boom  receiver  qualifications. 
Receiver  pilots  will  evaluate  drogue  lighting  for  probe 
receiver  qualification.  Both  the  boom  operator  and  receiver 
pilot  will  evaluate  the  adequacy  of  night  lighting  for 
tanker  qualifications. 

Also,  if  feasible,  tanker/receiver  compatibility  will 
be  checked  at  the  boom  0  degrees  aslmuth  position  and  a 
limited  number  of  fuel  transfer  rates  on  the  ground  prior  to 
aerial  refueling. 
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To  fully  qualify  racalvar  aircrafts  tha  following  flight 
tasting  will  ba  parformadt 

(1)  Acconpllah  all  Itama  to  qualify  a  racalvar  or  tankar 
aircraft I  ayatam  compatibility  checkout ,  proximity  taata# 
approved  aarlal  rafuallng  anvalopa. 

(2)  Damonatrata  functional  conqpatlblllty  for  tankar  and 
racalvar  manual  operation. 

(3)  Damonatrata  prasaura  rafuallng. 

(4)  Perform  prasaura  dlaconnacts  In  accordance  with 
NIL-F-3a363  and  AFITCR  80-3. 

(5)  Demonstrate  tension  disconnects  to  aatabllsh  ayatam 
integrity  at  several  boom  angular  positions  In  accordanca  with 
MIL-F-38363  and  AFFTCR  80-3. 

(6)  Damonatrata  use  of  Independent  disconnect  capability 
(if  applicable). 

(7)  Demonstrate  reverse  refueling  (If  applicable). 

(8)  Demonstrate  the  adequacy  of  night  rafuallng. 


Plight  testing  proceeds  in  the  following  sequence: 

a.  proximity  tests  are  performed  to  establish  anvalopa 
compatibility  for  airspeed,  altitude,  formatting  capability, 
aircraft  configurations  and  gross  weights. 

b.  Contacts  are  accomplished  Initially  within  a 
conservative  contact  envelope.  This  contact  envelope  Is 
then  expanded  In  an  orderly  and  conservative  manner  In 
conjunction  with  disconnect  envelope  expansion. 

c.  Disconnect  envelope  expansion  is  conducted  by 
selection  of  coordinate  points  for  an  orderly  and  conservative 
envelope  development.  Envelope  limits  are  determined 
through  this  process. 

Probe/drogue  aerial  refueling  qualification  testing  will 
similarly  Include  ground  and  flight  tests  and  will  proceed 
in  a  manner  analogous  to  the  boom  method  of  refueling. 

The  boom  to  drogue  adapter  kit  (BOA)  will  be  Installed  on 
the  Instrumented  I1KC-135A  or  an  Instrumented  hose-reel 
Installation  (KC-10)  will  be  used  for  receiver  or  tanker 
aerial  refueling  qualification. 
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ALL-WEATHER  TESTS  AMD  TESTS  WITH  ALTERNATE  PJELS 


All  aircraft  are  required  to  undergo  All-Weather 
testing.  Tests  with  alternate  fuels  are  required  to  ensure 
interoperability  for  aircraft  to  be  deployed  to  Europe 
(NATO  forces.  JP8)  or  the  Pacific  (US  Navy,  JP5).  Handbook 
deals  only  with  the  fuel  subsystem  parts  of  such  tests  and 
does  not  consider,  for  example,  engine  starts  at  very  low 
temperatures  or  with  alternate  fuels. 

All  Weather  Testing; 

Procedures  for  these  tests  are  described  in  Reference  3. 
These  programs  normally  include  tests  in  the  McKinley  Climatic 
Laboratory  at  Eglin  APB  and  field  test  at  sites  such  as  Alaska 
(winter),  El  Centro  NAS  (desert  summer)  and  in  the  Canal 
Zone  (tropical). 

Essentially  full  operational  capability  is  required 
under  extreme  operational  conditions,  although  some  special 
procedures  may  be  acceptable  for  an  otherwise  satisfactory 
system.  The  full  range  of  fuel  subsystem  tests  is  not 
repeated,  but  normal  operational  profiles  are  demonstrated. 

Foi  high  performance  aircraft  with  oil-fuel  heat-exchangers 
the  program  should  include  high  speed  low  altitude  flight 
after  ground  heat  soak  to  evaluate  fuel  control  inlet 
^cmperature^. ,  Tests  will  also  include,  in  addition  to 
normal  operational  profiles: 

1.  Ground  and  flight  tests  with  failed  boost  pumps. 

2.  Checks  of  adequate  fuel  expansion  space  and  venting 
and  fuel  drain. 

3.  Checks  of  functioning  of  refueling  doors,  etc., 
after  icing  or  under  freezing  conditions  after  rain. 

4.  Checks  of  tank  sealing  under  extreme  temperatures. 

5.  Tests  with  alternate  fuels. 

6.  Tests  of  any  components  suspected  to  be  susceptible 
to  extreme  weather  condition. 

The  required  fuel  subsystem  tests  are  defined  in  a  Test 
Information  Sheet,  which  is  integrated  into  a  Test  Integration 
Plan  by  the  All-Weather  test  engineer  (Reference  3). 
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Alternate  Fuel  Testa 
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Essentially  full  operational  capability  is  required  with 
an  alternate  fuel.  Usually  however  some  special  procedures  under 
adverse  (e.q.  very  cold)  conditions  are  necessary  and  are 
acceptable.  Testing  will,  however,  address  only  components 
and  operations  which  could  be  affected  by  the  change  in  fuel. 
Primary  concern  is  usually  with  use  of  )cerosene  type  fuels  for 
turbine  engines  (JP5,  JP8  or  commercial  jet  fuels)  as  alternates 
to  JP4  (  gasoline). 

Military  JP'-4  and  commercial  Jet  B  are  gasoline  type  fuels 
the  others  are  kerosene  type  fuels.  The  purpose  for  JP-4  is  to 
meet  military  operational  requirements  -  specifically  low 
temperature/high  altitude. 

The  Navy  (JP-5  fuel)  sacrificled  military  operational 
requirements  (low  temp  -  high  altitude)  to  minimize  fire  hazard 
on  board  aircraft  carriers.  The  commercial  airlines  are 
concerned  with  cost  and  fire  hazard,  thus  Jet  A  and  Jet  A-1  are 
similiar  to  JP-5  but  because  of  cost  the  flash  points  are  not 
as  high  as  JP-5.  The  commercial  Jet  B  is  the  commercial 
equivalent  of  JP-4.  Although  the  specification  shows  only  minus 
50  deg  F  freeze  point,  it  is  a  gasolene  type  fuel  and  as  such 
has  a  much  lower  freeze  point  than  the  kerosene  type  commercial 
fuels  Jet  A  and  Jet  A-1.  As  in  the  case  of  JP-4  it  has  a  very 
low  flash  point  because  of  the  increased  fire  hazard  and  the 
higher  cost.  Jet  B  is  not  used  as  much  as  Jet  A  and  Jet  A-1 
fuels. 


Table  8  (Page  73)  presents  a  comparison  of  significant 
parameters  ta)cen  from  References  4  and  5.  Those  of  primary 
significance  are  viscosity  (primarily  at  very  low  temperatures), 
density  and  dielectric  constant,  flash  point  and  the  presence 
of  icing  Inhibitors.  Kerosene  fuels  may  have  quite  high  viscosities 
at  low  temperatures  (e.g.  -30  deg  F)  and  freeze  at  around  -60 
deg  F  This  can  affect  engine  feed  and  intertank  transfer  flows 
at  low  temperatures.  It  can  also  affect  the  engine  fuel  controls, 
which  are  not  legally  part  of  the  fuel  subsystem  but  would  be 
evaluated  during  the  same  test  program.  Density  and  dielectric 
constant  can  affuct  fuel  quantity  indicators.  The  higher  flash 
point  makes  keroiene  fuels  safer  to  handle  but  can  affect  engine 
starts  at  low  temperature.  (When  C-5s  were  being  used  to  ferry 
equipment  to  Israel  they  had  to  keep  enough  JP4  to  start  the 
engines.  They  could  then  operate  with  the  commercial  type  fuel 
available).  Thus  the  primary  thrust  of  fuel  subsystem  tests 
with  alternate  fuels  will  be  to  evaluate  fuel  feed  and  transfer, 
including  spot  checks  of  degraded  configurations  likely  to  be 
affected  (e.g.  gravity  feed),  'and  quantity  indication.  JP5  and 
JP8  both  have  icing  inhibitors  added,  so  fuel  icing  should  not 
present  a  special  problem.  Appendix  C  (Page  119)  gives  an  example 
of  the  kind  of  operating  limitation  which  may  be  required  with 
alternate  fuels. 
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PU^^NING  OF  FLIGHT  TESTS 


This  Section  addressee  planning  of  the  content  of  the  fuel 
system  flight  test  program.  The  administrative  procedures 
required  to  execute  these  plans  are  common  to  all  APFTC  flight 
tests  and  will  change  from  time  to  time.  The  engineer  should 
familiarize  himself  with  AFFTC  Regulation  80-12  (Test  Plan)  and 
AFFTC  Regulation  80-13  (Test  Plan  Technical  Review)  and  related 
I  documents.  An  example  of  a  Test  Information  Sheet  (TIS)  for  a 

fuel  system  evaluation  Is  given  in  the  Appendix  A  (Page  93). 

Safety  planning  procedures  are  similarly  applicable  across 
the  board  to  flight  testing  and  the  engineer  should  familiarize 
himself  with  references  8  and  9.  Certain  aspects  of  fuel  system 
testing  are,  however,  particularly  hazardous  and  call  for  very 
careful  attention  to  safety  by  the  engineer.  Examples  are 
refueling  (especially  "over-wing”),  hot  refueling,  defueling, 
and  tests  with  boost  pumps  off.  Examples  of  Test  Project  Safety 
Reviews  (AFFTC  Form  28)  are  given  in  Appendix  B  (Page  105). 

I 

Fuel  system  tests  will  usually  be  conducted  in  the  context 
I  of  Combined  Test  Force  (CTF)  operatioi..  and  will  consist  of  a 

J  coordinated,  combined  program.  This  program  should  be  designed 

f  to  meet  the  needs  of  all  interested  parties  -  primarily  the 

]  contractor.  Systems  Program  Office  (SPO)  and  AFFTC.  Since 

a  primary  requirement  is  that  the  contractor  demonstrate 
■n  compliance  with  specifications  to  the  satisfaction  of  the  SPO, 

the  contractor  will  normally  take  a  leading  role  in  planning 
and  executing  the  tests.  The  AFFTC  fligh  test  engineer  must, 
however,  ensure  that  the  test  program  and  the  data  acquired 
are  adequate  to  meet  AFF7C  responsibilities  and  must  inde¬ 
pendently  analyze  the  data  and  evaluate  the  fuel  system.  This 
i  engineer  should  also  establish  good  communications  with  flight 

!  and  ground  crews  and  ensure  alertness  to  all  fuel  system 

I  incidents  relevant  to  evaluation. 

! 

j  The  flight  test  engineer  must  become  thoroughly  familiar 

I  with  the  system  both  as  described  in  Flight  and  Maintenance 

I  Manuals  and  as  it  exists  in  hardware  form.  These  versions  may 

differ  significantly  in  the  development  phase  of  a  new  aircraft 
(and  sometimes  in  later  phases). 

Careful  record  keeping  is  important.  The  engineer  should 
make  and  adhere  to  specific  plans  to  maintain  detailed,  accessible 
V  And  complete  test  records  for  his  own  protection  and  for  the 

benefit  of  his  successor  in  case  of  promotion,  transfer  or 
unscheduled  demise. 
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Infovmation  sources  to  be  reviewed,  and  referenced  in  Test 
Informaticn  Sheets  and  reports,  include  the  following: 

Test  Aircraft  Flight  Manual,  ("dash  1")  and/or  Crew 
Checlclists 

Aircraft  Contract  End  Item  Specifications 
Military  Specifications  pertaining  to  the  individual 
system  or  test 

Organization  Maintenance  Manuals  ("dash  2") 

Field  Maintenance  Manuals 

Contractor  System  Operation  and  Service  Manuals 
Related  AFFTC  Reports 

Formally  published  Contractor  Test  Plans 
Formally  published  Contractor  Test  Reports 
Program  office  requests  (letters,  TWX's,  etc.) 

Related  test  plans  includes  those  of  other  participating 
commands 

Test  Plan  Safety  Reviews  (AFFTC  Form  28)  for  similar 
test  programs 

Detailed  discussions  of  specific  tests  are  grouped  below 
as  follows: 

a.  ground  tests 

b.  flight  tests  other  than  aerial  refueling 

c.  aerial  refueling  flight  tests 

d.  all  weather  testing 

e.  alternate  fuel  operation 

These  discussions  are  designed  to  provide  readily  accessible 
reference  material  to  the  flight  test  engineer.  It  is  recommended 
that  at  first  reading  they  be  skimmed  over  fairly  lightly. 

FUEL  SYSTEM  GROUND  TESTS 

Fuel  system  ground  tests  will  include  the  following: 

1.  Fuel  quantity  system  calibration  and  center  of 
gravity  measurements. 

2.  Ground  refueling  and  defueling. 

3.  Verification  of  various  maintenance  and  accessibility 
capabilities. 

Additionally,  the  following  ground  tests  are  performed 
prior  to  the  corresponding  flight  tests: 

4.  Ground  evaluation  of  fuel  transfer. 

5.  Ground  evaluation  of  operation  with  failed  boost  pumps. 

6.  Ground  evaluation  of  aerial  refueling  system. 
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Recommended  data  parameters  to  be  recorded  on  these  tests 
are  summarised  in  Table  9A  (Page  74) . 

Quantity  System  Calibration! 

Test  Objectives.  These  are: 

1.  To  determine  usable  fuel  quantity. 

2.  To  correlate  usable  fuel  in  the  aircraft  with  indicated 
fuel  quantity. 

3.  If  center  of  gravity  indication  is  provided,  to  correlate 
actual  with  indicated  center  of  gravity. 

4.  Specific  objectives  requested  by  the  Program  Office. 

Tebt  Conditions/Procedures.  The  fuel  quantity  system 
calibration  teat  will  he  conducted  at  the  AFETC  Weight  and 
Balance  (W&B)  facility  (AFFTCR  80-5).  This  facility  allows 
the  test  to  be  conducted  under  relatively  constant  temperature, 
no-wind  conditions.  The  airplane  can  be  jacked  in  the  W&B 
facility  to  simulate  level  or  nose  up/down  attitudes.  The 
specific  gravity  and  temperature  of  the  fuel  added  or  removed 
from  the  airplane  during  the  course  of  the  evaluation  can  be 
determined  and  the  amount  measured  by  a  flowmeter.  An 
equivalent  contractor  facility  may  be  acceptable  provided  that 
adequate  oversight  of  the  tests  is  provided. 

The  tests  must  include  a  check  for  sensitivity  of  fuel 
quantity  (and  center  of  gravity)  to  attitude.  The  number 
of  attitudes  to  be  checked  depends  on  the  tank  configuration. 

As  a  minimum,  calibrations  should  be  performed  at  ground 
attitude  and  at  the  maximum  flight  deck  angle.  (Care  must 
be  taken  not  to  tip  the  aircraft  on  to  its  tail).  If  the 
tanks  are  long  in  the  fore  and  aft  direction  and  shallow 
then  as  many  as  four  attitudes  may  be  required. 
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Prior  to  the  fuel  quantity  system  calibration  all  quantity 
system  indicated  should  be  calibrated  in  accordance  wiich 
Technical  Order  maintenance  procedures.  The  airplane  should 
be  fueled  to  its  completely  full  configuration  using  the  normal 
preflight  fueling  method.  Normally,  external  fuel  tanks  are 
not  included  in  this  evaluation.  The  airplane  will  then  be 
towed  onto  the  W&B  scales,  leveled  and  weighed  with  all  power 
leads  and  refueling  hoses  installed  and  a  crew  member  or  test 
engineer  onboard  to  operate  the  fuel  system  controls  and  read 
the  quantity  indicators.  The  leveling  will  be  performed 
according  to  the  procedures  in  the  Organisational  Maintenance 
Manual  for  Ground  Handling  and  Servicing.  Generally,  longitudinal 
level  is  obtained  by  raising  or  lowering  the  scale  under  the 
nose  landing  gear  or  tail  wheel.  Lateral  level  must  be  obtained 
by  inflating  or  defl.nting  the  main  gear  struts  or  by  using 
plywood  shims.  The  aircraft  will  then  be  defueled  Incrementally, 
one  tank  on  cell  at  a  time,  and  leveled  and  weighed  after  each 
Increment.  At  least  two  increments  will  be  made  per  tank, 
more  if  the  tank  is  of  irregular  shape.  At  the  same  time  as 
the  aircraft  is  being  weighed,  the  on-board  crewman  will  hand 
record  all  fuel  quantity  Indications  and  a  ground  crewman  will 
hand  record  the  aircraft  weight,  number  of  gallons  offloaded, 
and  the  temperature  and  specific  gravity  of  the  fuel.  The 
order  of  defuellng  the  tanks  will  be  approximately  the  same  as 
that  for  normal  Inflight  burnoff  and  will  continue  until  all 
tanks  have  been  reduced  to  “unpumpable"  or  "unusable"  fuel. 

This  will  also  produce  the  base-line  weight  of  the  aircraft. 

The  aircraft  will  then  be  refueled  incrementally  to  its  completely 
full  configuration.  The  procedure  will  be  approximately  the 
same  as  for  the  defuellng  portion  of  the  test  except  that  the 
sequence  of  tanks  will  be  reversed,  i.e.,  the  last  tank  emptied 
will  be  the  first  one  filled,  etc.  The  same  hand-recorded 
data  will  be  taken. 

If  possible,  this  teat  will  be  conducted  concurrently 
with  the  weight  and  balance  postion  of  the  Performance  and 
Flying  Qualities  evaluation  which  will  also  determine 
aircraft  center  of  gravity  as  a  function  of  fuel  quantity 
onboard.  Test  instrumentation  must  be  calibrated  at  the 
same  time. 

Data/ Support  Requirements .  The  following  support  is 
required  to  satisfy  ^e  test  objectives  of  the  fuel  quantity 
system  calibration  test: 
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1.  Weight  and  bal^lnce  facility  and  ass' related  equip¬ 
ment. 

2.  Indicator  calibrations,  in  accordance  with  main¬ 
tenance. 

3.  Fuel  truck  support  and  specialised  refuel/defuel 
adapters . 

4.  Fire  truck 

5.  Necessary  data  parameters  are  as  folio,. st 

5.1  Individual  tank  fuel  quantity  -  all  tanks 

5.2  Fuel  quantity  totalieer  Indication 

5.3  Fuel  temperature 

5.4  Fuel  specific  gravity 

5.5  Actual  aircraft  weight 

5.6  Test  instrumentation  parameters  (Table  9A, 

(Page  74). 

The  engineer  should,  when  planning  the  tests,  setup 
data  recording  sheets  appropriate  to  the  specific  aircraft,  to 
ensure  that  all  necessary  parameters  are  recorded. 

Ground  Refueling/Defueling  Evaluationt 

Test  Objectives .  These  are : 

1.  To  determine  maximum  ground  refueling  and  defuellng 
rates . 

2 .  To  evaluate  ground  refuellng/defueling  procedures 
and  checklists. 

3.  Specific  objectives  requested  by  the  Program  Office. 

Test  Conditions/Procedures.  The  ground  refueling/ 
defuellng  evaluation  will  be  conducted  in  the  normal  aircraft 
parking  area  or  at  a  ground  refueling  pit.  Environmental 
conditions  will  be  as  close  to  ideal  as  practical,  i.e.,  fair 
weather,  no  wind,  standard  day  or  tropical  day  temperature, 
etc.  The  refueling/defueling  tests  will  be  conducted  using  the 
overall  procedures  of  the  Organisational  Maintenance  manual. 
Tests  will  always  Include  configurations  with  external  tanks, 
when  applicable. 

Refueling  with  JP4,  which  is  a  gasoline,  is  Inherently 
very  hazardous,  "overwlng"  refueling  is  the  most  hazardous, 
but  even  single  point  refueling  forces  explosive  vapor  out  of 
the  vents.  It  is  essential  not  only  that  prescribed  safety 
procedures  be  strictly  followed  but  that  no  static  producing 
clothing  (nylon,  rayon,  wool,  plastic)  be  worn  in  the  vicinity 
of  the  operations.  People  have  been  killed  that  way. 
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Overvinq  Refueling  "Ov«rwing"  (gravity)  rafuallng* 
which  Includaa  gravity  refueling  of  fusalaga  as  wall  aa  wing 
tanks,  will  be  conductad  whara  appllcabla  using  a  standard 
fuel  truck  and  hosa/fual  nossla  to  fill  the  aircraft  fuel 
tanks  through  the  fuel  aarvlca  porta  on  the  top  of  each  wing. 

The  refueling  aaquanca  will  be  evaluated  for  average  refueling 
rate,  practicality  and  problem  areas  such  as  poor  access,  fuel 
foaming  out  of  the  service  port  which  requires  a  reduced  rate, 
and  safety.  It  will  not  be  necessary  to  completely  fill  the 
aircraft  to  complete  this  test;  however,  one  tank  should  be 
filled  to  evaluate  the  ability  to  fill  the  tank. 

Single  Point  Refueling  Single  point  refueling 
(SPR)  will  be  conductec^  using  either  a  standard  fuel  truck  and 
hose  with  a  SPR  adapter,  or  a  ground  refueling  pit  and  a  SPR 
adapter.  These  will  be  connected  to  a  SPR  connector  on  the 
aircraft  to  refuel  It  through  Its  own  Internal  fuel  manifold. 

The  number  of  receiving  tanks  will  be  varied  and  both  manual  and 
automatic  features  utilized.  The  refueling  sequence  will  be 
evaluated  and  compared  to  the  overwlng  method.  Areas  Included 
in  the  comparison  include  refueling  rate,  practicality,  and 
ease  of  refueling.  Problem  areas  such  as  poor  access,  leakage, 
high  or  potentially  dangerous  manifold  pressure  and  other 
safety  items  will  be  Identified. 

Hot  Refuel  and  Quick  Turnaround  For  tactical 
aircraft  teats  of  refueling  with  engines  running  are  now 
frequently  required.  These  require  special  care.  Including 
consideration  of  the  configuration  of  the  particular  aircraft. 
Consideration  should  be  given  to  the  locations  of  filling  points 
and  airflow  vents  relative  to  possible  hot  points  such  as 
brakes.  Appendix  B  (Page  105)  has  examples  of  a  Test  Plan  Safety 
Review  for  this  test,  for  the  F-X6.  The  engineer  should  study 
this  and  similar  safety  reviews  carefully.  It  Is  also  good 
practice  to  review  hot  refueling  procedures  In  Flight  Manuals 
for  similar  classes  of  aircraft.  An  example  Is  Included  In 
Appendix  C  (Page  119) 

Defueling  The  routine  defueling  method  for  Indi¬ 
vidual  fuel  tanks  presented  in  the  Organizational  Maintenance 
Manual  will  be  evaluated  for  ease,  practicality,  defuellm; 
rate  and  safety /problem  areas  such  as  access,  fuel  spillage 
potential,  etc.  It  will  not  be  necessary  to  completely  dofuel 
the  airplane  to  complete  this  test. 

Single  Point  Defueling  Single  point  defueling  will 
be  evaluated  using  a  ^uel  truck  or  a  ground  refueling  pit  as 
described  In  the  single  point  refueling  test.  The  number  of 
tanks  and  pumps  will  be  varied.  This  refueling  method  will  be 
evaluated  for  ease,  practicality,  defueling  rate  and  safety/ 
problem  areas  such  as  poor  access,  leakage,  high  or  dangerous 
manifold  pressure  and  other  safety  Items.  It  will  not  be 
necessary  to  completely  defuel  the  aircraft  to  complete  this 
test. 
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Data/Support  R«qulr>Bfnt» .  Tha  following  support  la 
rsquired  ^o  satisfy  tVis  tsst  objsctlvss  of  ths  ground  rsfusllng/ 
dsfusling  svaluatlont 

1 .  Fuel  truck/rsfusling  pit  support  and  spscialiBsd 
refuel /def us 1  adapters. 

2.  Fire  truck 

3.  Still  photography  (color  plus  black  and  white). 

4.  Motion  picture  photography  (24/48/250  fps  color,  ISmm) . 

5 .  Fuel  system  parameter  instrumentation  package  ( in 
aircraft) . 

6.  Reduction  of  recorded  data. 


Necessary  data  parameters  are  summarised  in  Table  9A  (Page 

Accessibility  and  Maintainability  Requirements! 

This  area  of  testing  involves  the  Human  Factors  and  the 
Reliability  and  Maintainability  branches  within  Flight  Test 
Engineering  and  the  Technical  Order  Verification  Management 
Division  of  Maintenance  and  Supply.  Usually  the  fuel  subsystem 
flight  test  engineer  will  not  take  the  lead  role  in  planning 
these  tests,  but  he  should  make  himself  aware  of  what  is  being 
done  and  use  good  judgment  as  to  how  actively  he  involves 
himself  in  this  area. 

Test  Objectives  These  are: 

1.  To  verify  operational  suitability. 

2.  To  verify  compliance  with  the  general  requirements  of 
MIL-F-38363. 

3.  To  verify  compliance  with  the  appropriate  end  item 
specification. 

4.  Specific  objectives  requested  by  the  Program  Office. 

Test  Conditions  and  Procedures.  Maintenance  and 
servlce.*ibillty  requirements,  which  include  accessibility 
requirements,  are  summarised  in  Table  6  (Page  67)  These  are  of 
three  general  types: 

a.  Those  Which  can  be  verified  by  inspection  of  the 
fuel  system  feature  (e.g.,  3.6.6. 1,  3.11.1.6  MIL-F-38363B) 

b.  Those  which  can  be  verified  during  routine  maintenance 
(e.g.,  3. 7. 1.3. 2,  3. 8. 2. 2. 5) 
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c.  Those  which  may  require  programming  specific  tests » 
depending  on  maintenance  history  during  the  test  program  (e.g.> 
3.7,  3.7. 1.4,  3. 7. 1.9.1) 

The  engineer  should  make  up  a  test  matrix/checklist, 
based  on  the  test  objectives  and  the  appropriate  specifications. 
Table  10  shows  a  possible  format,  which  should  not  be  slavishly 
followed.  Requirements  of  type  (a)  will  be  worked  off  by  the 
engineer  in  consultation  with  the  maintenance  crew  and  the 
representatives  of  the  user  Commands.  Requirements  of  type  (b) 
will  be  addressed  similarly  as  opportunity  arises  during  routine 
maintenance.  Specific  tests  will  be  called  for  tc  respond  to 
requirements  of  type  (c),  but  these  tests  will  be  combined  with 
necessary  maintenance  operations  should  the  opportunity  arise . 

Data  Requirements.  A  record  should  be  kept  as  the 
requirement  o^  the  matrix  are  checked.  When  the  airplane  falls 
to  meet  requirements  the  nature  of  the  problem  and  the  degree 
of  non-compliance  must  be  recorded,  together  with  any  recommen¬ 
dations  for  corrective  action. 


Ground  Fuel  Transfer  Evaluation; 

Test  objectives  These  are : 

1.  To  evaluate  the  normal  fuel  management  system  (if  this 
system  is  automatic  it  will  sometimes  be  necessary  to  perform 
this  evaluation  along  with  the  tests  of  feed  with  boost  pumps 
failed  so  as  to  achieve  representative  flows  and  tank  sequencing). 

2.  To  evaluate  the  procedures  and  check  lists  presented 
in  the  Flight  Manual  ("Dash  1"). 

3.  To  evaluate  backup/emergency  fuel  management 
procedures  while  on  the  ground. 

4.  To  determine  fuel  transfer  rates. 

5.  Specific  objectives  requested  by  the  Program  Office. 

Test  Conditions/Procedures.  The  ground  fuel  transfer 
test  will  be  conducted  on  any  aircraft  which  has  a  manual 
fuel  balancing  capability  and  on  aircraft  with  automatic  balancing 
capability  when  feasible.  The  aircraft  will  be  parked  in  an 
attitude  representative  of  normal  flight  and  will  be  connected  to 
the  ground  power  ground  servicing  equipment  usually  associated 
with  pre/post  flight  operations. 

The  ground  transfer  test  will  normally  be  conducted 
concurrently  with  the  ground  refueling/defueling  evaluation.  It 
is  conducted  before  the  inflight  fuel  transfer  test  using  the 


proposed  In  flight  procedures.  A  fuel  inibalance  whose  ssymmetric 
moment  Is  within  the  landing  trim  control  capability  of  the 
aircraft  will  be  created.  It  will  then  be  corrected  using  the 
procedures  prescribed  in  the  Plight  Hanual.  Fuel  quantity  in 
each  tank  before  and  after  transfer  and  the  r^'quired  tlsM  to 
transfer  will  be  recorded.  The  fuel  transfer  sequence  will  be 
evaluated  for  practicability*  ease  of  accompli shment*  logical 
sequence  of  checklist  items,  potential  problem  areas  and  safety. 

If  feasible  without  engines  running,  the  fuel  sequencing 
will  be  simulated  by  defueling  and  evaluated  for  accuracy, 
center  of  gravity  control,  practicability  and  ease  of 
accomplishment,  logical  sequence  of  check  list  items,  potential 
problem  areas  and  safety. 

Data/Support  Requirements.  The  following  support  le 
required  to  satisfy  the  test  objectives  of  the  ground  fuel 
transfer  evaluation: 

1.  Indicator  calibrations,  in  accordance  with  maintenance 
procedures . 

2 .  Fuel  truck  and  defuel  adapters . 

3.  Fire  truck 

4.  Fuel  system  parameter  instrumentation  package  (in 
aircraft). 

5.  Computer  reduction  of  data. 

I 

Necessary  data  parameters  are  sutranarised  in  Table  9A  (Page  74). 

Ground  Evaluation  of  Operation  with  Failed  Boost-Pumps 
and  of  Automatic  Fuel  Sequencing: 

Test  Objectives  These  are: 

1.  To  perform  a  preliminary  evaluation  of  fuel  feed 
with  boost  pumps  failed,  as  a  precaution  before  proceeding  to 
flight  test. 

2.  To  perform  a  preliminary  evaluation  of  fuel  sequencing 
when  this  is  automatic  and  cannot  be  tested  without  running  the 
englne(s) . 


3.  Any  specific  objectives  requested  by  the  Pre^  am 

Office. 
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Tot  Conditions  and  Procedures.  For  these  evaluations, 
which  are  in  part  precautionary  prior  to  flight  test,  the 
engineer  should  make  maximum  use  of  data  available  from  contractor 
flight  or  simulator  tests. 

For  the  boost  pumps  failed  tests  a  ground  run  of  all 
engines  will  be  conducted: 

a.  With  the  normal  boost  pumps  turned  off. 

b.  With  the  backup  system  (emergency  pump, 
pressurization)  also  off,  if  the  back-up  mode  is  not  gravity  feed. 

The  boost  pump  inoperative  ground  test  will  consist 
of  an  engine  run  on  all  engines  similar  to  an  installed  trim 
run.  After  engine  start,  the  fuel  tank  boost  pump(s)  supplying 
each  engine  will  be  turned  off  or,  if  the  pump  operates 
automatically,  its  circuit  breaker  will  be  pulled.  Power  on 
all  engines  will  then  be  increased  incrementally  from  idle  to 
maximum  (takeoff)  power.  Including  afterburner.  At  least  four 
intermediate  increments  will  be  used,  with  at  least  one  minute 
of  stabilization  at  each,  and  the  throttles  then  retarded  smoothly 
to  idle.  During  each  increment,  the  person  operating  the 
engines  will  observe  the  engine  indicators,  especially  fuel 
flow  for  fluctuations  or  other  abnormalities.  Should  a 
fluctuation  develop,  the  associated  boost  pump  will  be  turned 
on.  If  the  fluctuation  persists  all  power  will  be  smoothly 
retarded  to  idle.  If  the  boost  pump  has  been  rendered  inoperative 
by  a  circuit  breaker  that  is  not  in  the  cockpit,  power  will  be 
immediately  and  smoothly  retarded  to  idle.  The  run  sequence 
will  be  repeated  at  least  once  more  to  assure  consistent  results. 

Tests  of  automatic  fuel  sequencing  will  be  made  with 
extenal  tanks  on  and  filled  as  appropriate  and  with  the  aircraft 
in  an  attitude  representative  of  flight.  A  run-up,  take  off 
and  flight  profile  will  be  simulated  which  will  use  fuel  down 
to  normal  minimums. 

Data/Support  Requirements  t 

1.  Support  as  for  engine  trim  runs 

2.  Fuel  system  parameter  recording  as  shown  in 
Table  9A  (in  aircraft). 

3.  Computer  reduction  of  recorded  data. 

Ground  Evaluation  for  Aerial  Refueling: 

Test  objectives  These  are : 

1.  To  perform  fit  and  functional  tests  of  the  aerial 
refueling  system  and  ensure  receiver /tanker  compatability  prior 
to  flight  test. 
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2.  To  determine  fuel  flow  rate  and  preaaurea  during 
fuel  transfer. 

3.  To  determine  surge  pressures  when  the  tanker  fuel 
pumps  are  turned  on,  at  shut-off  of  individual  tanka  (if 
applicable)  and  at  fuel  shut-off  when  the  receiver  is  full. 

4.  To  evaluate  lighting  for  night  refueling. 

5.  Specific  obfjectives  requested  by  the  System  Program 

Office. 


Test  Ccnditions/Procedures.  The  aerial  refueling 
qualification  include  ground!  tests  and  evaluations  using 
the  test  aircraft  as  receiver  and  an  Instrumented  tanker. 

(AFFTC  Regulation  80-3). 

Boom  "^pe  Refueling  Systems  Prior  to  conducting  the 
flight  tes^s  bne  aerial  ureFueling  system  will  be  ground  checked. 
The  fuel  system,  i.e.,  lines,  manifolds,  valves,  etc.,  will  be 
incrementally  pressure  tested  with  fuel  to  a  design  value 
specified  by  the  airframe  contractor.  This  value  usually 
exceeds  180  pslg.  During  this  test,  all  components  will  be 
verified  to  be  free  of  leaks'  and  all  bypass  or  pressure  relief 
valves  function  properly.  Following  the  pressure  check,  all 
manifold  drains  and  pumps  will  be  verified  to  function  properly 
and  effectively. 

After  completing  the  pressure  check,  the  refueling 
receptacle  will  be  functionally  checked  with  a  test  adapter 
(NIL-T-83323  or  appropriate  adapter)  to  determine  that  the 
latches  open  and  close  properly,  that  the  disconnect  coil  works 
properly  for  disconnect  commands  from  the  receiver  pilot  or 
copilot  and  from  the  boom  operator,  that  all  refueling  lights 
and  indicators  in  the  cockpit  work  properly  and  in  the  correct 
sequence,  and  that  the  secure  intercom  system  functions  properly. 

After  the  functional  check  of  the  receptacle,  a  ground 
test  will  be  conducted  using  actual  hook-up  with  the  tanker 
aircraft.  PAD  19  at  Edwards  as  well  as  a  pad  at  Carswell  APB, 
(General  Dynamics  -  Ft  Worth)  have  sufficient  differential 
elevations  so  that  the  tanker  can  be  parked  with  a  fighter/attack 
type  receiver  aircraft  below  and  behind  the  tanker.  This  allows 
contact  with  the  receiver  at  approximately  10  to  12  degrees 
boom  elevation.  If  an  elevated  pad  is  not  available,  or  if  a 
large  receiver  is  to  be  tested,  fuel  transfer  between  tanker 
and  receiver  can  be  accomplished  using  a  ground  fuel  transfer 
hose  assembly  kit.  This,  however,  is  only  available  for  the  RC- 
135  at  this  time  (Reference  TO  KC-135(K)A-2-5-l ) .  The  pressure 
disconnect  switch  on  the  receiver  must  be  deactivated  durini 
transfer  tests  to  prevent  disconnect  when  the  receiver  is  full. 
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Fu«l  transfer  will  bs  accomplished  to  determine  flowrate, 
surge  and  steady  state  pressures.  Small  amounts  of  fuel  will 
be  transferred  into  various  combinations  of  receiver  tanks 
using  an  increasing  number  of  tanker  refueling  pumps.  These 
transfers  will  be  characterised  by  several  different  begin-/and 
end-  flow  receiver  quantity/tank  configurations  in  order  to 
generate  fuel  pressure  surges  within  receiver's  fuel  system. 
During  each  of  the  surge  generating  sequences  it  will  be 
necessary  to  monitor  manifold  fuel  pressure  indicators  or 
recorders  on  both  the  tanker  and  the  receiver  to  determine  that 
the  surges  do  not  exceed  specified  or  design  values. 

Based  on  this  a  determination  will  be  made  of  the  maximum 
number  of  tanker  pumps  that  should  be  used.  Finally,  the 
receiver  will  be  filled  to  capability  and  the  surge  pressure  at 
fuel  shut-off  observed. 

An  evaluation  will  be  made  of  the  suitability  of  the 
lighting  under  or  simulated  night  conditions  (e.g.,  in  a  hanger) 
with  the  receiver  and  tanker  in  as  nearly  correct  relative 
positions  as  is  feasible.  This  evaluation  will  be  made  by 
tanker  and  receiver  crews,  usually  with  participation  by  the 
Human  Factors  branch  of  Flight  Test  Engineering 

Probe/Drogue  Type  Refueling  Tests.  Ground  tests  for 
probe/drogue  systems  are  the  same  in  principle  as  those 
for  boom  type  refueling  systems.  They  will  similarly  include 
fit  and  functional  tests,  determination  of  flows  and  surge 
pressures  and  the  maximum  nund^er  of  tanker  pumps  that  can  be 
used  and  a  night  lighting  evaluation. 

Support  Requirements.  These  include 

1 .  Fuel  truck/refueling  pit  support  and  specialized 
refuel/defuel  adapters. 

2.  Fire  truck. 

3.  Still  photography  (color  plus  black  and  white). 

4.  Instrumented  tanker  aircraft. 

5.  Pad  with  differential  tanker  receiver  elevations 
(if  feasible)  for  boom  refueling. 

6.  Fuel  systems  instrumentation  package  in  receiver 
(if  available). 

7.  Computer  data  reduction  (calibration  and  plotting 
of  time  histories). 

8.  Required  data  parameters  summarized  in  Table  9A. 

9.  Facilities  for  the  night  lighting  evaluation. 
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PLIGHT  TESTS  OTHER  THAN  AERIAL  REFVELINQ 


Ta'olea  11  and  12  (Pagaa  80  and  81)  provida  an  ovarvlew 
of  the  typas  of  flight  condltiona  to  ba  axplorad  and  tha 
fual  ayatam  taata  to  ba  conductad  in  thoaa  condltiona. 

Baalcally«  tha  objactlva  la  to  validata  nominal  fual  ayatam 
oparation  ovar  the  whola  of  tha  parmlaalbla  flight  anvalopa 
and  dagradad  oparation  ovar  appropriately  reduced  anvalopaa. 

Thaaa  anvalopaa  will  ba  defined  In  tha  Flight  Manual  ("Daah 
one" ) . 

Flight  Conditional 

Tha  flight  conditions  Hated  in  tha  Tables  essentially 
apply  to  all  claasas  of  aircraft,  except  that  alrcombat 
maneuvers  do  not  apply  to  large  bombers  or  transports. 

Proper  fual  flow  In  a  sideslip  or  at  less  than  one  "g"  Is, 
however,  very  Important  to  such  aircraft. 

A  first  step  In  flight  planning  Is  to  identify 
quantitatively  the  flight  conditions  required,  using  the 
Flight  Manual  and  available  performance  data.  In  a  Combined 
Test  Force  operation  these  conditions  may  have  already  been 
selected  by  the  contractor,  and  reviewed  by  the  System 
Program  Office,  but  In  this  case  the  AFFTC  engineer  must  also 
review  them  to  satisfy  himself  that  they  are  adequate.  The 
contractor  System  Operational  Analysis  should  obtained 
reviewed  by  the  flight  test  engineers. 

Failure  Modes: 

Paragraph  3. 5. 2.1  of  MIL-F-38363B  states  thatt  "A  complete 
fuel  system  failure  analysis  shall  be  conducted  and  a  report 
prepared.  The  analysis  shall  encompass  any  component  or 
system  failure  that  has  any  effect  on  the  fuel  system  and 
any  fuel  component  or  system  failure  that  affects  any  other 
aircraft  component  or  system.  The  study  shall  not  be 
limited  to  single  failures  but  should  account  for  multiple 
failures  in  critical  flight  modes  and  during  emergency  conditions" 

The  flight  test  engineer  should  examine  the  fuel 
subsystem  and  the  Flight  Manual  to  identify  failure  modes 
and  determine  what  combinations  should  be  tested.  It  Is 
not  feasible  to  write  universal  instructions  for  this  task 
in  a  readable  form.  Table  13  (page  82  illustrates  the  approach 
to  the  task  by  showing  the  tests  performed  on  the  F-15  in 
a  variety  of  conditions  of  partial  failure.  It  Is  important 
to  approach  the  task  with  both  thoroughness  and  imagination. 

As  an  example,  when  the  F>15  system  reverted  to  gravity 
transfer  from  the  fuselage  transfer  tank,  it  was  found  that 
a  fairly  nose-high  attitude  was  necessary  to  provide  an 
adequate  transfer  rate  to  the  feed  (main)  tanks.  A  computer 
simulation  of  the  fuel  subsystem  may  be  of  substantial 
assistance  in  identifying  potentially  critical  areas. 
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Functioning  in  ClirobB  Dives  and  Maneuvers) 

These  tests  are  to  evaluate  the  nominal  functioning  of 
the  fuel  system  (i.e.,  no  component  failures)  in  stressing 
parts  of  the  permissible  aircraft  flight  envelope  and  also 
operation  with  partial  failure.  The  aircraft  is  to  be  able 
to  complete  its  mission  after  a  single  failure  and  to  be 
recovered  after  a  double  failure. 

Test  Objectives.  These  are  toi 

1.  Demonstrate  proper  feed  and  transfer  in  climbs, 
rapid  descents,  and  all  permissible  stressing  maneuvers. 

2.  Demonstrate  proper  pressurization  and  venting. 

3.  Demonstrate  proper  functioning  of  explosion 
suppression  subsystem,  if  of  inert  gas  type. 

4.  Any  specific  objectives  requested  by  the  Program 

Office . 


Test  Conditions  and  Procedures.  Flight  test  and 
fuel  system  operating  conclitions  will  Include  the  following: 

1.  Sustained  normal  climb  at  MAX  power:  nominal  and 
feed  boost  pump  off. 

2.  Sustained  normal  climb  at  MIL  power:  nominal  and 
feed  boost  pump  off. 

3.  Fast  idle  power  descent:  nominal  with  one  pressuri¬ 
zation  system  failed. 

4.  Maximum  permissible  sideslip,  pushover,  maximum 
roll  rate,  inverted  flight  if  permitted:  nominal  and  feed 
boost  pumps  off. 

5.  In  high  performance  aircraft,  zoom  climb  and  dives: 
nominal  and  one  pressurization  system  failed.  Extreme 
attitudes  must  not  be  entered  for  fuel  system  tests  until 
these  attitudes  have  been  cleared  from  a  flying  qualities 
standpoint. 


6.  In  aircraft  with  an  attack  function,  simulated 
weapons  passes:  nominal  and  feed  boost  pumps  off. 

Operation  at  take  off  power  with  boost  pumps  off  will 
be  checked  by  ground  test.  Take  off  and  landing  will  be 
performed  with  all  pumps  on.  On  aircraft  with  automatically 
operating  pumps,  special  switches  must  be  installed  in  the 
cockpit.  After  setting  up  test  conditions  the  test  pump 
will  then  be  turned  off. 
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Operation  boost  off  will  be  demonstrated  up  to  the  Handbook 
limits  -  for  example  in  supersonic  flight  at  low  altitude.  Limit 
conditions  should  always  be  approached  by  a  build  up  procedure. 

On  three  -  o,  four-engine  aircraft  the  test  will  be 
done  with  an  inboard  (center)  pump  feeding  one  engine  turned 
offr  then  repeated  with  an  outboard  pump  feeding  another 
engine  turned  off.  A  full  throttle  climb  or  maximum  perform¬ 
ance  climb  will  be  performed  from  approximately  5000  feet 
pressure  altitude  to  the  maximum  operating  altitude  for  the 
aircraft.  The  engine  instruments,  especially  fuel  flow, 
will  be  monitored  for  fluctuations  or  other  abnormalities 
attributable  to  insufficient  fuel.  Should  fluctuations 
occur,  the  boost  pump  will  be  immediately  turned  on,  the  climb 
terminated  and  level  flight  attained.  The  aircraft  will  then 
descend  with  the  pump  off  to  a  typical  cruise  altitude  and 
perform  maneuvers  such  as  turns,  simulated  weapon  delivery/ 
strafing  passes,  simulated  approaches  and  go-arounds.  Following 
these  maneuvers  the  aircraft  will  perform  a  partial  power 
penetration  type  descent  to  landing  pattern  altitude. 

Tests  in  fast  climbs  and  dives  should  include  a  build  up 
program  to  check  tank  pressurization  and  venting  with  increasingly 
rapid  rates  of  altitude  change,  before  testing  at  the  maximum 
rates  allowed  by  flight  limitations. 

Data/Support  Requirements.  The  following  support  is 
required ; 


1.  Fuel  system  instrumentation  package  in  the  aircraft, 
recording  parameters  as  shown  in  Table  9B,  (Page  75)  with 
magnetic  tape  recording  or  equivalent. 

2.  Computer  reduction  of  data 

Functioning  and  Fuel  Management  in  Steady  Level  Flight; 

These  tests  evaluate  the  functioning  on  the  fuel  system  in 
long  range  cruise  in  the  nominal  operating  mode  and  with  various 
types  and  degrees  of  degradation  by  component  failure.  Particular 
attention  is  paid  to  satisfactory  feed,  tranfer  and  center  of 
gravity  control,  to  crew  workload,  and  to  simplicity  and  claritv 
of  operating  procedures. 

Test  Objectives.  These  are  to: 

1.  Demonstrate  satisfactory  feed,  transfer  and  center 
of  gravity  control  in  nominal  operation  and  with  various  levels 
of  component  failure. 

2.  Demonstrate  low  fuel  warning 

3.  Specific  objectives  requested  by  the  System  Program 

Office . 
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Teat  Conditions  and  Procedures.  Feed,  transfer  and 
center  of  gravity  control  will  be  observed  and  evaluated 
throughout  the  test  program.  Degraded  operating  modes  will 
have  been  Identified  as  part  of  the  preliminary  planning  of 
the  flight  teat  program.  Tests  in  these  modes  will  be 
scheduled  in  combination  with  other  flight  tests  as 
opportunity  arises. 

Flight  conditions  will  be  primarily  long  range  cruise 
but  will  include  all  level  flight  operating  conditions 
encountered  in  normal  operations.  The  fuel  system  operating 
modes  will  include,  for  examples 

1.  Failed  main  (feed)  tank  booster  pumps 

2.  Failed  transfer  pumps 

3 .  Manual  backup  control  of  eg  where  the  nominal 
mode  is  automatic. 

These  tests  will  be  scheduled  into  the  total  flight 
test  program  In  combination  with  other  tests. 

Data/ Support  Requirements .  These  are: 

1.  Instrumentation  data  package  with  parameters 
shown  in  Table  9B  (Page  75) . 

2.  Computerised  data  reduction 
Fuel  Transfer  tests t 

In  addition  to  the  above  tests,  tests  will  also  be  made 
specifically  to  evaluate  correction  of  lateral  or  longitudinal 
center  of  gravity  by  fuel  transfer. 

Test  Objectives.  These  arei 

1.  To  determine  inflight  fuel  transfer  rates. 

2.  To  evaluate  fuel  management  procedures  and 
checklists  presented  in  the  Flight  Manual. 

3.  Specific  objectives  requested  by  the  Program 

Office. 


Test  Conditiona/Procedures.  The  inflight  fuel 
transfer  test  will  be  conducted  in  level  flight  at  cruise 
airspeed  and  altitude,  h  fuel  imbalance  whose  asymmetric 
moment  is  within  the  landing  trim  control  capability  of  the 
aircraft  will  be  created,  then  corrected  by  transferring 
fuel  from  tank  or  from  wing  to  wing. 
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The  procedure  for  the  Inflight  fuel  transfer  test 
will  be  the  checklist  presented  in  the  Flight  Manual.  A 
nominal  fuel  Imbalance  will  be  created  eith<  r  by  transferring 
fuel  from  wing  to  wing  or  by  asymmetric  fue'  burnoff.  The 
pitch  or  roll  moment  created  by  this  iinbalauco  will  be 
within  the  pitch  or  roll  trim  capability  of  the  aircraft  to 
permit  a  safe  landing.  These  moments  are  presented  in  the 
performance  section  of  the  Plight  Manual.  Once  the  asymmetry 
is  created,  it  will  then  be  corrected  by  transferring  fuel 
from  tanks  in  the  "heavy"  wing  to  tanks  in  the  "light" 
wing,  forward  to  aft,  or  inboard  to  outboard,  etc.  If 
there  are  several  ways  to  correct  the  asymmetry,  multiple 
tests  will  be  conducted.  Fuel  quantity  in  each  affected 
tank  will  be  hand  recorded  before  and  after  the  transfer, 
and  the  transfer  sequence  Itself  will  be  timed.  In  addition, 
the  transfer  sequence  will  be  evaluated  for  ease  of 
accomplishment,  impact  on  otherwise  existing  aircrew 
workload,  practicality,  logical  sequence  of  checklist  items, 
potential  problem  areas  and  safety. 

Data/Support  Requiremonts. 

1 .  Instrumentation  data  package  with  parameters  summarised 
in  Table  9B  (Page  75). 

2.  Computer  reduction  of  data. 

Fuel  Jettison  Evaluation t 

Test  Objectives.  These  are: 

1.  To  evaluate  the  capability  and  safety  of  fuel 
jettison. 

2.  To  determine  fuel  jettison  rates. 

3.  To  evaluate  the  checklists  presented  in  the  Flight 
Manual . 


4.  Specific  objective  requested  by  the  Program  Office. 

Test  Conditions/Procedures.  Fuel  jettison  will  be 
conducted  over  unpopulated  areas  at  a  high  enough  altitude 
that  jettisoned  fuel  will  have  evaporated  before  reaching 
the  ground.  Fuel  will  be  jettisoned  at  several  airspeeds 
during  level  flight  and  during  gentle  turns,  ascents,  and 
descents.  Care  will  be  taken  act  to  fly  through  the  stream 
of  jettisoned  fuel. 
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A  nominal  amount  of  fuel  will  be  jettisoned  during 
each  test  using  the  Plight  Manual  procedure.  Jettison  will 
first  be  performed  in  level  flight  and  at  one  airspeed. 

During  each  run,  a  different  number  or  combination  of  tanks 
will  be  jettisoned  from  and  the  flowrate  determined.  The 
number  of  pumps  per  tank  recommended  by  the  Flight  Manual 
will  be  utilized.  After  sufficient  runs  have  been  made  to 
determine  the  relationship  between  number  of  tanks  and 
jettison  flowrate,  several  representative  test  points  will 
be  rerun  using  a  different  (usually  less)  number  of  pumps 
per  tank.  Following  these  test  points,  the  most  optimum 
tank/pump  configuration  will  be  rerun  at  several  different 
airspeeds  in  level  flight,  then  this  configuration  will  be 
rerun  at  the  most  optimum  airspeed  during  turns  and  gentle 
ascents/descents.  Pylon  or  accessory  (external)  tank 
jettison  will  be  evaluated  as  a  part  of  the  Weapons  Delivery 
Evaluation. 

Data/Support  Requirements. 

1.  Photo  Chase 

2.  Instrumentation  data  package  with  parameter  summerized 
in  Table  9B. 

3.  Computer  reduction  of  data. 

Functioning  with  Cross  Feed  and  During  Transients: 

Teat  Objectives.  These  are : 

1.  To  demonstrate  that  any/all  engines  can  be 
fed  satisfactorily  from  any  tank(s). 

2.  To  demonstrate  that  fuel  flow  to  one  engine 
can  be  varied  without  affecting  fuel  flow  to  other  engine (s). 


3.  To  demonstrate  satisfactory  operating  during 
changes  in  engine  setting,  boost  pump  operations  and  other 
pertinent  operating  conditions. 

4.  Any  specific  objectives  requested  by  the 

»-L _ _ _ ^  i 


These  are  sum- 


Te St  Conditions  and  Procedures, 
marized  in  the  following  tablet 


Flight  Condition  Power  Setting 


Test  Procedure 


Low  speed f  low  altitude  j  Low 
High  speed f  low  altitude  High 
High  speedy  high  altitude  MAX 


Bach  boost  pump  cycled 
and  off  Various  cross- 
feed,  including  all 
engines  from  one  tank 


High  speedy  low  altitude 


High  Cycle  each  engine  MIL 

to  MAXy  IDLE  to  MIL 


High  speedy  high  altitude  High 


Cycle  each  engine  MAX 
to  MIL  to  MAX 


Data/Support  Requirements.  There  are 


1.  Instrumentation  data  package  with  parameters  sum- 
marzied  in  Table  9B  (Page  73). 


2.  computer  reduction  of  data 
AERIAL  REFUELING  QUALIFICATION 


Aerial  refueling  tests  differ  from  most  other  evaluation 
tests  in  that  they  involve  inflight  compatibility  between  the 
receiver  aircraft  under  test  and  a  small  number  of  existing 
tankers  (KC-135y  KC-IO,  KC-130).  All  large  Air  Force  aircraft 
use  the  boom  technique,  but  aircraft  with  a  gross  weight  below 
75000  pounds  may  use  the  probe/drogue  technique.  Procedures 
for  AFFTC  Aerial  Refueling  qualification  tests  are  defined  in 
AFFTC  Regulation  80-3. 

Boom  Aerial  Refueling; 

With  this  technique  the  receiver  pilot  maneuvers  into 
position,  after  which  actual  contact  is  completed  by  the  boom 
operator  on  the  tanker. 

Test  Objectives.  These  are : 

1.  To  determine  the  aerial  refueling  flight  envelope. 

2.  To  determine  the  aerial  refueling  contact  and 
disconnect  envelopes. 

3.  TO  verify  that  all  components  function  satis¬ 
factorily 

4.  To  determine  fuel  transfer  pressures  and  flow 

rates. 

5.  To  evaluate  emergency,  override  and  backun 
modes  of  aerial  refueling  including  stiff  boom  contacts 
and  tension  disconnects. 
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6.  To  evaluate  tanker/receiver  compatibility. 

7.  To  evaluate  suitability  of  night  lighting. 

8.  Specific  objective  requested  by  the  Program 

Office. 

Test  Conditions/Procedures.  The  aerial  refueling 
qualification  will  consist  of  ground  tests  described  earlier 
and  an  inflight  evaluation  using  the  test  aircraft  as 
receiver  and  an  instrumented  tanker.  The  KC-135  and  the  KC- 
10  tankers  used  at  AFFTC  have  strip  chart  instrumentation  to 
give  real  time  information  to  the  test  engineer,  as  well  as 
tape  recorded  data. 

The  inflight  evaluation  will  consist  of  formation 
flying,  hookups  and  disconnects  at  several  airspeeds  and 
altitudes  common  to  the  flight  envelopes  specified  in  the 
Flight  Manuals  of  both  the  receiver  and  the  tanker.  Minimum 
test  altitudes  should  provide  adequate  ground  clearance  for 
emergency  breakaway  maneuvers  which  involve  rapid  changes  in 
airspeed  and  altitude  in  order  to  separate  the  aircraft 
rapidly  and  safely.  The  exploratory  tests  will  be  conducted 
under  VFR  conditions  with  as  optimum  prevailing  weather  as 
possible. 

After  establishment  of  operating  envelopes,  however, 
the  impact  of  light-to-moderate  and  moderate ~to-^eavy 
turbulence  on  the  time  to  accomplish  hookup  and  on  crew 
workload  should  be  assessed  (NlL~F<-38363,  para  4. 5. 6. 2. 2d). 
Also,  if  the  receiver  aircraft  has  a  control  augmentation 
system,  hookup  shall  be  evaluated  with  various  parts  of 
that  system  inoperative. 

Flight  Envelope  Evaluation  This  part  of  the  aerial 
refueling  evaluation  wflT  be  done  concurrently  with  the 
aerial  refueling  portion  of  the  Performance  and  Handling 
qualities  evaluation.  To  verify  the  flight  envelope,  the 
two  aircraft  will  first  be  flown  in  the  refueling  formation 
with  the  receiver  in  the  observation  position,  then  moving 
up  at  various  rates  of  closure  to  the  precontact  and  contact 
positions  without  actually  making  a  hookup.  The  receiver 
will  then  back  away  from  the  tanker  at  various  rates  of 
separation.  The  pilots  of  both  aircraft  will  comment  as 
necessary  on  handling  qualities.  This  procedure  will  be 
repeated  with  both  aircraft  flying  at  various  combinations 
of  airspeed,  altitude,  gross  weight  and  configurations 
until  an  optimum  airspeed/altitude  range  is  found  where  the 
two  aircraft  are  compatible. 

Contact  and  Disconrert  Envelop  Evaluation  After  the 
optimum  aerial  refueling  airspeed  and  altitude  have  been 
determined,  contact  and  disconnect  envelopes  will  be  deter¬ 
mined. 
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Th*  boom  of  th«  KC-135  tankor  Is  squipps4  with  limit 
switchss  which  automatically  initiata  a  dlsconnact  whan 
boom  aaimuth  raachaa  or  axcaads  15  dagraas  laft  and  right 
of  tha  tankar  cantarlina.  whan  boom  alavatlon  raachas  or 
goaa  outsida  of  tha  ranga  of  20  to  40  dagraas  balow  tha 
tankar 's  fusalaga  rafaranca  lina  or  whan  tha  boom  axtansion 
is  lass  than  6  faat  or  graatar  than  18  faat.  Actual  «rorking 
limits  on  asimuth  for  tha  KC-ISS  ara  4  10  dagraas.  (Hota 
that  "alavatlon*  is  maasurad  downwardT from  tha  tankar  watar 
lina,  as  is  illuatratad  in  Plgura  8  paga  90).  Tha  KC-10 
boom  has  a  wldar  asimuth  anvalopa  and  longar  axtansions  (5 
to  22  faat,  giving  an  axtandad  langth  by  680  inchas  instaad 
of  551  inchas).  Tha  KC-10  also  has  a  rata  initiatad  dis- 
connact.  Tha  optimum  contact  position  is  usually  30  dagraas 
boom  alavatlon  and  saro  dagraas  asimuth.  Contacts  ara 
accomplishad  initially  within  a  consarvativa  contact  anvalopa, 
which  is  than  axpandad  in  an  ordarly  and  consarvativa 
mannar  in  conjunction  with  tha  dlsconnact  anvalopa  axpansion, 
as  dascrlbad  balow. 

To  establish  tha  disconnect  anvalopa,  tha  racaivar 
moves  slowly  after  contact  to  stabilise  at  tha  desired 
disconnect  position.  It  is  imperative  for  repeatability 
that  slow  movements  and  stabilised  disconnects  ba  made  by 
the  receiver.  In  addition,  no  more  than  5-degrea  increments  • 
between  test  points  should  be  established  and  adhered  to. 

At  tha  outer  axtramas  of  tha  boom  disconnect  anvalopa  2-  to 
3-degree  increments  ara  considered  more  practical.  If  at 
any  i>oint  a  binding  between  tha  boom  nossla  and  tha  receptacle 
is  encountered,  those  test  points  towards  tha  more  extrema 
part  of  tha  envelope  from  tha  point  at  which  difficulty  was 
experiancad,  will  not  be  attempted  since  this  could  result 
in  damage  to  the  nossle  and/or  the  receptacle.  Boom  loads 
and  position  at  disconnect  will  be  recorded  for  a  quantitative 
evaluation. 

After  establishment  of  the  envelopes  the  intact  |of 
deactivating  parts  of  the  control  augmentation  system,  if 
any,  on  the  receiver  aircraft  will  ba  assessed.  An  assessment 
will  also  ba  made  of  the  Impact  of  turbulence  on  hookup 
time  and  crew  workload. 

Fuel  Transfer  Rate  And  Pressure  Surge  Evaluation 

Fuel  transfer  will  ba  accoxqplishad  to  determine  flowrate 
and  pressures.  Small  amounts  of  fuel  will  ba  transferred 
into  various  combinations  of  racaivar  tanks  using  tha 
maximum  nundoar  of  tankar  refueling  puxqps  determined  during 
tha  ground  test  phase.  These  transfers  will  ba  characterised 
by  several  different  bagin-/and  and-  flow  racaivar 
quantity/tank  configurations  in  order  to  generate  fuel 
pressure  surges  within  tha  receiver's  fuel  system.  During 
each  of  tha  surge  generating  saquancas  it  will  ba  necessary 
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to  monitor  manifold  fuel  pressure  indicators  or  recorders 
or  both  the  tanker  and  the  receiver  to  determine  that  the 
surges  do  not  exceed  specified  or  design  values.^ 

Pollowlnq  completion  of  the  surge  test,  larger 
amounts  of  fuel  will  be  transferred  for  predetermined 
periods  of  time,  such  as  2  or  3  minutes,  recording  the 
amount  of  fuel  transferred.  Multiple  transfers  will  be 
necessary,  utilising  several  combinations  or  numbers  of 
receiver  tanks  in  order  to  determine  the  relationship 
between  flowrate  and  number  of  receiving  tanks.  Following 
this,  the  effect  on  flowrate  and  pressure  surges  will  be 
determined  using  the  worst<K:ase  pressure  surge  or  maximum 
flowrate  case  determined  above  and  reducing  the  number  of 
tanker  pumps  operating  in  order  to  reduce  the  surge  pressure. 
The  receiver  will  than  be  filled  to  capacity  to  verify 
top  off  and  automatic  shut-off. 

Reverse  Refueling  Reverse  refueling  will  be  performed 
with  larger  aircraft  which  have  a  boost  pump  capacity  to 
reverse  refuel  tanker  aircraft.  The  aircraft  will  perform 
a  normal  hookup,  and  a  small  amount  of  fuel  will  be 
transferred  from  the  tanker  to  the  receiver  to  verify  that 
the  nozzle-receptacle  connection  is  working  properly.  To 
accomplish  reverse  refueling  the  boom  operator  normally 
maintains  retract  boom  pressure  (to  verify  that  the  nozzle- 
receptacle  connection  is  working  properly  at  the  time  of 
the  test);  however,  the  AFFTC  tanker  has  a  fuel  bypass 
switch  that  also  performs  this  function.  The  tanker  will 
then  turn  off  its  pumps  and  the  receiver  will  turn  on  the 
number  of  fuel  transfer  pumps  usually  associated  with 
maximum  deadhead  pressure.  The  crew  of  both  aircraft  will 
then  monitor  fuel  quantity  for  a  notable  change.  In 
addition,  the  tanker  crew  will  monitor  boom  fuel  line 
pressure  for  back  pressure  indicative  of  reverse  fuel  flow. 
Following  this  practical  demonstration  of  reverse  refueling, 
multiple  reverse  fuel  transfers  will  be  performed  for  a 
timed  period  such  as  2  or  3  minutes  using  different 
combinations  of  receiver  tanks  and  numbers  of  pumps  per 
tank  to  determine  the  relationship  between  flowrate  and  the 
number  of  supplying  tanks/pumps  per  tank. 


nr  an  uninstrumented  receiver  is  being  used,  pressures 
will  be  monitored  only  on  the  tanker. 


Emergency /Backup  Mode  Operation  Aerial  refueling 
will  be  performed  with  the  system  relegated  to  alternate  or 
emergency  modes.  This  will  be  accomplished  after  completion 
of  the  normal  mode  tests  such  as  automatic  envelope 
verifications,  fuel  transfer  and  surge  tests,  and  flight 
envelope  verifications.  The  emergency  or  alternate  mode 
operation  includes  the  following! 

1.  Manual  door  opening 

2.  Emergency  boom  latching  (override) 

3.  Stiff  boom  refueling 

4.  Tension  disconnects 

5.  Independent  disconnect,  if  applicable 

Following  the  fuel  transfer  and  surge  tests,  stiff 
boom  refueling  will  be  accomplished.  Stiff  boom  refueling 
is  an  emergency  mode  in  which  the  receiver  does  not  have 
normal  or  backup  control  power  available  to  the  aerial 
refueling  system  for  boom  latching.  To  accomplish  the 
test,  the  receiver's  aerial  refueling  door  will  be  opened 
manually  if  necessary,  but  the  powered  system,  i.e.,  latches, 
ready  lights,  etc.,  will  be  turned  off.  A  normal  hookup 
will  be  performed,  except  that  the  boom  operator  will 
maintain  the  contact  using  tanker  hydraulic  pressure  to 
force  the  boom  nozzle  into  receptacle.  A  small  amount  of 
fuel  will  be  transferred  to  demonstrate  the  capability. 

Rapid  release  and  reapplication  of  boom  extend  pressure  by 
the  boom  operator  during  fuel  transfer  in  this  mode  produces 
presrure  surges  and  simulates  stiff  boom  refueling  in 
turbulent  air.  Fuel  transferred,  flowrate  and  leakage  will 
be  monitored  and  compared  to  a  normal  hookup. 

The  boom  has  limit  switches  at  the  inner  and  outer 
limits  of  extension  which  initiate  an  automatic  disconnect 
to  protect  the  boom  should  the  receiver  inadvertently  move 
to  either  of  these  locations.  In  the  event  of  a  receptacle 
latch  failure  in  the  latched  position,  the  automatic 
disconnect  or  a  manually  initiated  disconnect  will  be 
ineffective.  In  this  case,  the  receiver  must  back  slowly 
away  from  the  tanker  until  sufficient  tensile  force  is 
generated  to  overcome  the  latching  hydraulic  pressure. 

The  hydraulic  cylinder  which  operates  the  latches  should  be 
equipped  with  a  bypass  valve  which  allows  the  latches  to  be 
forced  open  without  damage  to  either  the  nozzle,  receptacle, 
or  adjacent  aircraft  structure. 
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To  porform  th«  tonslon  dlsconnoct  t««t  tho  boon 
operator  will  dlsabla  tha  outar  limit  switch  and  tha 
racaivar  air  rafualing  amplifiar  will  ba  awitchad  to  OVERRIDE 
(or  tha  racaivar  should  ba  conflgurad  with  a  jun^r  wlra  to 
ovarrida  tha  "not  in"  switch)  so  that  tha  latchas  will  not 
opan  automatically  as  tha  nossla  is  pullad  out  past  tha 
"not  in"  switch's  plungar.  A  tanslon  dlsconnact  will  than 
ba  parformad  by  slowly  backing  away  from  tha  tankar  at  saro 
asimuth  and  30  dagraas  boom  alavation  until  a  dlsconnact 
occurs.  Instrumantation  on  tha  tankar  will  tall  how  much 
tanslla  forca  raquirad  to  axtract  tha  nossla.  This  fores 
must  be  within  tha  limits  of  military  spacification  N1L-F~ 
38363.  Tanslon  disconnacts  will  ba  xupaatad  savaral  tlmas 
varying  tha  asimuth  and  alavation  anglas  for  comparison 
with  cantar-of-anvalopa  disconnacts. 

With  tha  KC-10  tankar  tha  "indapandant  dlsconnact" 
systam  can  ba  usad  instead  of  tanslon  disconnect.  To 
evaluate  this,  the  racaivar  should  again  switch  tha  air 
refueling  amplifiar  to  OVERRIDE.  Tha  Indapandant  disconnect 
system  should  than  ba  able  to  affect  dlsconnact. 

Night  Operation  Night  aerial  refueling  will  ba 
evaluated  alttar  daylight  procedures  have  been  established. 
Several  hookups  and  disconnects  will  be  performed  and  tha 
refueling  sequence  will  be  evaluated  by  a  cross  section  of 
air  craws  of  both  aircraft  in  the  following  areas t 

1.  Similarity  of  approach,  hookup,  disconnect,  and 
backaway  procedures  to  daylight  operations. 

2.  Effectiveness,  placement,  brightness /dimness  and 
aiming  of  receptacle  and  formation  lights. 

3.  Availability  and  usefulness  or  visual  references, 
vertigo  tendencies,  etc. 

4.  Distractive  light  sources  within  the  receiver 
cockpit  such  as  Instruments,  radar  scopes,  etc. 

Data/Support  Requirements  The  following  support  is 
required  to  satisfy  t)ie  test  objectives  of  the  aerial 
refueling  evaluation  for  receptacle  aircraft! 

1.  Motion  picture  photography  (24/48/250  frames  per 
second  color,  16mm)  from  the  tanker  and  from  the  chase 
aircraft. 

2.  Still  photography  from  the  tanker  and  from  the 
chase  aircraft  Table  9C  (Page  77). 
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3.  Chase  aircraft 

4.  Instrumented  tanker  aircraft 

5.  Fuel  system  parameter  instrumentation  package  in 
receiver  aircraft),  preferably  magnetic  tape,  with  receiver 
parameters  shown  in  Table  9B  (Page  tS). 

6.  Computerised  reduction  of  data. 

Probe/Drogue  Aerial  Refueling t 

Test  Objectives.  These  are t 

1.  To  determine  the  aerial  refueling  flight  envelope. 

2.  To  determine  contact  and  disconnect  envelopes. 

3.  To  verify  that  all  components  function  satisfactorily. 

4.  To  determine  fuel  transfer  pressures  and  flow 

rates. 

5.  To  evaluate  emergency  aerial  refueling  procedures. 

6.  To  evaluate  tanker/receiver  compatability . 

7.  To  evaluate  suitability  of  night  lighting. 

8.  Specific  objectives  requested  by  the  System 
Program  Office. 

Test  Conditions/^ocedures.  The  aerial  refueling 
qualification  will  consist  of  ground  tests  described  earlier, 
followed  by  an  inflight  evaluation  using  the  test  aircraft 
as  the  receiver  and  a  KC-130,  an  instrumented  RC-135  equipped 
with  the  Boom-Drogue  Adapter  (BDA)  kit  or  an  instrumented 
KC-10. 


Flight  Envelope  Evaluation  The  flight  envelope 
verification  tes^s  for  probe  and  drogue  aircraft  will  be 
done  using  basically  the  same  procedure  as  for  receptacle 
aircraft  except  that  with  the  Boom  Drogue  Adapter  Kit  all 
allowable  KC-135  boom  elevation  angles  will  be  evaluated 
for  hookup. 

Contact /Disconnect  Envelope  After  an  optimum  trail 
position  and  airspeed  has  been  determined  for  hookup,  actual 
contacts  and  disconnects  wll  be  performed.  lAien  the  KC-135 
is  used,  the  boom  can  be  moved  to  provide  various  azimuth 
and  elevation  angles  for  disconnect.  These  should  be 
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approached  in  5-degree  Increments.  The  receiver  must 
actually  position  the  drogue  when  the  KC-130  or  KC-lO 
aircraft  is  used  and  this  must  also  be  approached  cautiously 
to  prevent  probe  damage.  Both  inner  limit  (auto  retract) 
and  outer  limit  (tension)  disconnects  should  be  accomplished. 
Probe  loads  will  be  recorded.  Contacts  will  be  made  in 
smooth#  light  and  moderate  turbulence. 

Fuel  Transfer  Rate  and  Pressure  Surge  Evaluation 
Fuel  transfer  will  be  accomplished  to  determine  flow  rate 
and  pressures.  The  number  of  pumps  and  flow  rates  determined 
during  the  Ground  Tests  will  be  used.  Pressure  surges 
during  disconnect  while  refueling  and  at  shutoff  when  the 
receiver  tanks  are  full  will  be  evaluated  and  the  number  of 
pumps  used  reduced  if  these  surge  pressures  exceed  limits. 
Time  to  completely  fuel  the  receiver  from  minimum  fuel  to 
full  will  be  determined.  Pressure  surges  due  to  disconnect 
of  a  second  receiver  aircraft  on  the  opposite  drogue  of  a 
KC-130  aircraft  will  be  evaluated. 

Night  Operation  After  daylight  tests  have  been 
conducted  the  evaluation  of  night  operations  should  be  made 
within  the  previously  determined  limits.  All  lighting# 
ease  of  contact#  and  other  appropriate  characteristics  of 
night  aerial  refueling  will  be  observed  and  compared  to  day 
operations. 

^ta/Sup^ort  Requirements.  The  following  support  is 
required  to  satisfy  the  test  objectives  of  the  Areial 
Refueling  Qualification  for  Probe/Drogue  Aircraft: 

1.  Motion  picture  and  stills  from  tanker  &  chase 
aircraft. 

2.  Chase  aircraft. 

3.  Instrumented  Tanker  Aircraft  KC-130#  KC-10  or  KC- 
135  (Table  9C). 

4.  Fuel  system  parameters  instrumentation  package 
(in  receiver  aircraft)#  preferably  magnetic  tape  with  data 
parameters  shown  in  Table  9B  (Page  75). 

5.  Computer  reduction  of  data. 

ALL-WEATHER  TESTS 


Test  Objectives: 


The  test  objectives  are: 


1.  To  verify  that  the  fuel  system  operates  without 
deficiencies  over  the  full  range  of  environmental  conditions 
without  undue  attention  from  the  crew. 


2.  To  verify  serviceability  and  maintainability 
over  the  full  required  range  of  environmental  conditions. 

3.  Any  specific  objectives  requested  by  the  System 
Program  Office. 

Test  Conditions  and  Procedures! 

Teats  will  usually  be  conducted  in  the  McKinley 
Climate  Laboratory  at  Eglin  AFB  and  in  the  field  in  Arctic 
(eg  Alaska),  hot  (eg  El  Centro)  and  possibly  tropic 
conditions  (eg  Panama).  Detail  of  these  facilities  and  of 
climatic  test  procedures  are  given  in  Reference  3. 

These  teats  will  validate  normal  operation  under  the 
extreme  conditions  by  performing  simulated  or  actual  normal 
operational  profiles,  Including  ground  refueling  and 
defueling  and  aerial  refueling.  Tests  will  also  Include t 

1.  Ground  and  flight  tests  with  failed  boost  pumps. 

2.  Checks  of  adequate  fuel  expansion  space  and 
venting  and  fuel  drain. 

3.  Checks  of  functioning  of  refueling  doors  etc, 
after  icing  or  in  freezing  conditions  after  rain. 

4.  Check  of  sealing  under  extreme  temperatures. 

5.  Tests  with  alternate  fuels. 

6 .  Tests  of  any  components  suspected  to  be  susceptible 
to  extreme  weather  conditions. 

Aircraft  will  be  serviced  with  fuel  which  has  been 
"soaked"  at  the  appropriate  temperature  in  the  truck. 

Summer  field  tests  will  include  take  off  and  maximum  climb 
with  fuel  as  hot  as  possible,  but  at  least  110*  F,  with 
each  engine  operating  from  its  normal  supply.  Test 
requirements  will  be  defined  in  Test  Information  Sheets, 
which  will  be  consolidated  into  a  Test  Integration  Plan 
for  each  of  the  test  sites  by  the  climatic  test  engineer. 

Climatic  Laboratory  Teste.  These  are  made  with  the 
aircraft  tied  down  in  the  hangar  but  otherwise  are  designed 
to  parallel  flight  operations  as  closely  as  possible. 
Preflight,  engine  start,  system  activation,  aircraft 
shutdown,  and  post  flight  and  refueling  are  conducted  in  as 
close  accordance  with  standard  procedures  as  possible. 
Environmental  temperatures  will  be  covered  as  called  for  in 
the  aircraft  design  specification.  Cold  weather  operation 
of  all  features  (such  as  the  refueling  receptacle  door) 
will  be  checked. 
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Field  Testa.  These  similarly  consist  of  the  conduct 
of  normal  operations  and  mission  profiles  using  standard 
procedures,  the  objective  being  to  evaluate  system  suitability 
and  operating  procedures  under  extreme  operating  conditions. 

For  high  performance  aircraft  which  use  the  fuel  to 
cool  oil  or  components,  tests  will  be  Included  in  which  hot 
soak  is  followed  by  high  speed  flight  at  low  altitude. 

Data/Support  Requirements. 

Support  requirements  are: 

1.  Use  of  the  Climatic  Laboratory  and  associated 
support . 

2.  Field  test  site  support. 

3.  Normal  operational  support  as  called  for  in  the 
proposed  standard  procedures. 

4.  Photographic  support  (16  mm  color,  and  stills  in 
color  and  in  black  and  white). 

5.  A  portable  weather  recording  system  for  field 

tests . 

6.  On  site  data  reduction. 

ALTERNATE  FUEL  TESTS 

Operation  on  alternate  fuel  is  now  required  for  inter¬ 
operability  with  NATO  (Europe,  JP8)  and  the  US  Navy  (Pacific, 
JP5).  To  ensure  interoperability  with  NATO  the  alternate  fuel 
test  program  should  be  designed  to  validate  operation  throughout 
the  flight  envelope,  including  operation  in  degraded  modes. 

This,  however,  requires  repetition  only  of  normal  operational 
profiles  and  selected  degraded  configurations  which  could  be 
affected  by  the  change  in  fuel. 

Alternate  fuels  tests  on  the  subsystem  will  be  part  of  a 
program  testing  system  functioning,  including  a  substantial 
amount  of  engine  testing.  Only  the  fuel  subsystem  part  of  the 
program  is  discussed  here. 

Test  Objectives; 

1.  To  evaluate  fuel  subsystem  operation  on  alternate  fuels. 

2.  To  identify  differences  in  operating  characteristics  of 
the  fuel  subsystem  with  alternate  fuels  as  compared  to  operation 
on  the  primary  fuel. 

3.  To  check  for  leaks. 
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4.  Specific  objective  requested  by  the  System  Program 
Office . 


Test  Conditions  and  Procedures: 


Alternate  fuel  operation  will  be  evaluated  for  limited 
periods  of  time.  Ground  tests  will  be  conducted  under  average 
and  All-Weather  conditions.  These  include  temperature  and 
pressures  approximating  standard  day,  tropical  or  hot  day,  and 
temperatures  below  freezing.  Pretes--cold-Boak-and  during- 
test  conditions  will  be  the  same  as  those  in  the  primary  fuel 
tests. 


Inflight  tests  will  be  conducted  under  the  same  approximate 
conditions  as  those  in  the  primary  fuel  tests,  but  on  a  spot 
check  basis.  Level  flight  test  points  will  be  performed  first, 
then  a  limited  number  of  maneuvering  flight  test  points  will  be 
evaluated. 

Extended  cruise  test  data  on  JP4  will  be  reviewed  to  check 
the  possibility  of  alternate  fuels  getting  too  cold  in  the 
tanks  after  long  exposure. 

Ground  Tests.  These  should  include: 

1.  Weight  and  balance  measurements  and  fuel  quantity 
system  calibrations  using  the  alternate  fuel 

2.  Checks  for  fuel  containment 

3.  Fuel  transfer  transfer  tests  after  cold  soak  (high 
fuel  viscosity) 

4.  Tests  with  boost  pumps  inoperative,  after  cold  soak, 
in  preparation  for  flight  tests 

5.  Selected  tests  with  crossfeed  after  cold  soak. 


FI ight  Tests .  These  should  include  the  following 
tests  after  cold  soak  and  after  hot  soak  on  the  ground: 

1.  MAX  and  MIL  power  climbs  with  nominal  fuel  system 
operation 

2.  MAX  and  MIL  power  climbs  with  single  boost  pump 

failure 

3.  Cruise  with  nominal  operation,  with  selected  cross¬ 
feed,  and  in  all  degraded  modes  validated  with  the  baseline 
fuel 


4.  Checks  of  functioning  in  any  conditions  which  tests 
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with  the  bacellne  fuel  suggest  might  be  critical 

Data/Support  Requirements; 

The  following  support  is  required  to  satisfy  the  test 
objectives  of  the  alternate/emergency  fuel  evaluation: 

1.  Alternate  fuel  servicing. 

2.  Procedures  for  flushing  JP4  out  of  tanks  and  engine 
(eg  engine  fuel  controls). 

3.  Fuel  samples  and  analyses  from  both  truck  and 
aircraft  every  time  the  aircraft  is  refueled. 

4.  Fuel  subsystem  instrumentation  package  with 
parameters  summarized  in  Table  9A  and  9B  (Page  74-75). 

5.  Computer  reduction  of  data. 


DATA  MEASUREMENT,  ANALYSIS  AND  EVALUATION 

New  type  aircraft  will  usually  have  fuel  systems  instru¬ 
mented  to  the  requirements  of  MIL-F-38363  and  the  System 
Program  Office.  Parameters  pertinent  to  the  specific  tests 
are  summarized  in  matrix  form  in  Tables  9A  through  C. 

Current  calibrations  must  be  available  for  all  instrumentation 
from  a  competent  source.  Since  fuel  system  tests  are 
primarily  to  verify  that  the  system  meets  requirements, 
extreme  precision  is  not  normally  required.  It  is,  however, 
important  that  the  frequency  response  of  the  instrumentation 
systems  measuring  line  pressures  (pressure  pickup  plus 
processing)  is  high  enough  to  measure  transients  correctly. 

The  engineer  should  review  all  calibrations  to  ensure  that 
they  cover  the  appropriate  ranges,  do  not  exhibit  excessive 
hysterisis  and  are  in  general,  acceptable. 

The  overall  objective  of  the  testa  is  to  evaluate  the 
fuel  system  as  a  subsystem  of  an  operational  aircraft  and 
to  determine  if  any  serious  problems  or  deficiencies  exist. 
This  evaluation  will  draw  on  qualitative  comments  of  air 
and  ground  crews  and  on  experience  gained  in  tests  flown 
for  other  objectives  and/or  on  other  aircraft  as  well  as  on 
data  from  tests  specifically  made  to  evaluate  the  fuel  system. 
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The  final  report  on  the  fuel  subsystem  evaluation  will 
give  a  brief  description  of  the  fuel  system  and  draw 
attention  to  leading  particulars  and  to  the  basic  logic  of 
its  operation.  For  each  test  the  aircraft  model,  designation 
and  serial  number  will  be  given.  The  general  approach  will 
be  to  describe  each  group  of  tests  in  turn,  briefly  list 
the  relevant  evaluation  criteria  and  state  whether  these 
are  met.  These  criteria  must  always  include  the  overriding 
criterion  of  operational  suitability  as  well  as  that  of 
meeting  specification  requirements.  If  the  fuel  subsystem 
fails  to  meet  a  specification  requirement  it  may  still  be 
considered  operationally  acceptable.  Further,  it  may  meet 
specification  requirements  and  still  be  considered  unsuitable 
for  operational  use. 

VThen  criteria  are  not  met  enough  detail  must  be  given  to 
effectively  define  the  ehort-fall.  Tabular  summaries  will 
be  given  of  the  tests  conducted  with  appropriate  comment. 

Where  appropriate,  as  in  dynamic  conditions  in  general, 
time  history  plots  will  be  presented  with  attention  drawn 
to  the  important  parameters.  Still  photographs  are  an 
important  and  highly  effective  means  of  illustrating  some 
types  of  problem.  The  engineer  should  ensure  that  appropriate 
photographic  documentation  is  obtained. 

Objectives,  pertinent  parameters,  criteria  and  presentation 
recommendations  for  analysis,  evaluation  and  reporting  of 
each  test  are  collected,  for  ease  of  reference,  in  Appendix  D 
(Page  123). 
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TABLE  1 

AQEMCIBS  INVOLVED  IN  FUEL  SYSTOf  FLIGHT  TEST 


T3fPE  TEST 
PCBmCI 

DEVELOFHENf 

NKKsnum: 

TO  SPEaFICATICNS 

FLYABILITY  & 
HAINlMNABILnY 

CVERACTIONAL 

EFFECTIVENESS 

Cbntractor 

Yes 

Yes 

Assist 

No 

ASD/SFO 

Direct 

Check 

Qonplianoe 

Check 

no 

AFFTC 

Liaison 

Oversight  6 
Independent 
Analysis 

Primary 

Responsibilities 

Yes 

AFTEC 

No 

No 

Yes  Primary  Reponsibility 

User  Gomnand 

No 

No 

Advance  Data 
Advice 

Advance  Data 
Advice 

Air  Training 
conmand 

No 

No 

Advance  Data 

Advance  Data 

logistics 

Oarmand 

No 

No 

Advance  Data 

Advance  Data 
Advice 

NOTES; 

ASD  =  Aeronautical  Systenis  Division 

SPO  =  Syst«n  Program  Office 

AFTEC  =  Air  Force  Test  and  Evaluation  Center 

*  On  some  in-service  aircraft  Air  Force  logistics 
Conmand  as  Program  Manager  will  be  the  test 
requester  rather  them  a  System  Program  Office 
of  Aeronautical  Systems  Division. 
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TABLE  2 


Requirements^  to  Verify  Normal  Functioning  Under 
All  Design  Operating  Conditions 
REQUIREMENT _ IMPACT  ON  TEST  PLANNING 


3 . 5  Design  and  Construction!  The 
fuel  system  shall  be  designed  to 
supply  fuel  to  the  engines  on 

an  uninterrupted  basis  and  shall 
function  satisfactorily  under 
all  possible  design  operating 
conditions  for  the  aircraft.  The 
system  shall  in  no  way  limit 
aircraft  perfromance  within 
allowable  engine  and  aircraft 
operating  limits. 

3.5. 3.5  Center  of  Gravity  Control t 
Normal  sequencing  of  the  fuel  tanks 
shall  be  sufficient  for  maintaining 
the  center  of  gravity  of  the  fuel 
system  from  full  to  empty  with  all 
required  payloads  and  flight  speeds. 
It  shall  not  be  necessary  to  trans¬ 
fer  fuel  between  tanks  for  the  sole 
purpose  of  maintaining  the  center 

of  gravity  of  the  aircraft. 

Maintenance  of  a  high  minimum  fuel 
load  in  order  to  effect  a  safe  land¬ 
ing  shall  not  be  necessary.  Manual 
controls  shall  be  provided  as  a 
backup  in  the  event  of  failure  of 
the  automatic  controls. 

3.6  Fuel  Available  Uninterrupted 
under  all  aircraft  ground  and  flight 
conditions  without  continuous  crew 
attention.  Immediate  attention  of 
pilot/flight  engineer  shall  not  be 
required  under  any  condition r 
including  failure.  On  aircraft 
normally  operated  by  a  single 
pilot  system  shall  be  fully  automatic 
after  activation. 


Review  flight  envelope 
and  system  geometry  to 
identify  stressing  condi¬ 
tions  (high  flow,  sideslip, 
pushover,  rapid  cl. 'mb  and 
descent ) . 


Review  system  and  control 
logic  for  potential  prob¬ 
lems,  monitor  functioning 
in  all  tests.  Develop  test 
to  probe  critical  areas. 
Investigate  critical  con¬ 
ditions  with  offline 
simulation  if  available. 


As  for  3.5 


^Paragraph  references  are  to  MIL-F-38363B.  The  current  version 
of  this  specification  should  be  reviewed. 


TABLE  2  (Continued) 

Requirements  to  Verify  Normal  Functioning  Under 
All  Design  Operating  Conditions 

REQUIREMENT _ IMPACT  ON  TEST  PLANNING 

Two  indenpendent  and  isolated  methods  Test  the  possible  combi- 
of  moving  fuel  out  of  each  tank  nations 

(one  for  jettisonable  tanks),  each 
shall  meet  flow  requirements  for 
the  particular  tank  for  all  alti¬ 
tudes,  attitudes  and  maneuvers. 

If  gravity  flow  meets  requirements, 
only  gravity  flow  required. 

3,6.1  Feed  system  shall  provide 
satisfactory  performance  for 
all  normal  maneuvers  up  to  air¬ 
craft  service  ceiling  with  each 
engine  operating  from  its  normal 
fuel  supply. 

3.8. L.l  Temperature  of  pressuri 
zation  air  shall  not  exceed 
limits  of  tank  components/450 
deg.  F. 

3. 8. 2. 2  Inerting  system  shall  be  Monitor  during  flight 

completely  automatic  and  shall  program, 

require  no  attention  from  the 
flight  crew  except  for  monitoring 
of  high  and  low  tank  pressure 
indicator  lights. 


Monitor  during  flight 
program. 


Review  flight  test  envelope 
and  select  appropriate 
stressing  conditions. 


The  system  shall  maintain  oxygen 
content  in  the  ullage  space 
below  10  percent. 

3, 8, 2. 2.4  Inerting  gas  shall 
dilute  the  oxygen  content 
below  10  percent  in  all  ullage 
and  vent  spaces  and  maintain  a 
slight  positive  pressure  at 
all  times  and  for  all  operating 
conditions  to  prevent  the  ent¬ 
rance  of  air.  The  nitrogen 
shall  fill  the  volume  as  fuel 
is  used. 


This  should  be  demonstrated 
by  the  contractor  on  the 
"iron  bird"  simulation 
Direct  measurement  of  oxygen 
content  in  flight  test 
appears  impracticable. 
Comparisons  of  inerting 
gas  flow  rate  with  rate  of 
increase  of  pressure  and 
volume  in  ullage  spaces  in 
dives  will  give  an  indication 
of  adequacy. 
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TABLE  2  (Concluded) 

Requirements^  to  Verify  Normal  Functioning  Under 
All  Design  Operating  Conditions 


REQUIREMENT _ IMPACT  ON  TEST  PLANNING 

3. 8. 2. 2. 4.1  The  inerting  system 
shall  remove  oxygen  from  the  air 
entrained  in  fuel  to  prevent  the 
oxygen  concentration  from  exceed¬ 
ing  10  percent  during  increases  in 
altitude . 


3. 8. 2. 2. 4. 2  Inerting  gas  shall  Check  during  fast  climbs 

pressurize  the  ullage  and  vent  and  descents, 

spaces  during  decreases  in  alti¬ 
tude  to  maintain  a  safe  differ¬ 
ential  pressure  between  the  tanks 
and  ambient . 


3. 8. 2. 2. 6.1  Vent  Valves.  Vent  valves 
shall  control  internal  tank  pressure 
within  the  limits  of  the  aircraft. 


3.9  Fuel  Vent  Subsystem;  The  vent 
subsystem  shall  prevent  siphoning 
and  apillage  of  fuel  and  protect 
the  fuel  tanks  from  destructive 
pressure.  Fuel  spillage  through 
the  vent  line  during  any  in-flight 
maneuvers  shall  not  exceed  0.05 
percent  of  the  fuel  from  any  one 
tank  or  1  gallon,  whichever  is 
smaller.  There  shall  be  no  leakage 
when  the  aircraft  is  parked,  during 
engine  run-up  or  during  taxing. 

3.9.4  Vent  pressures.  For  flexible 
non-metallic  and  light-walled 
metallic  fuel  cells,  the  vent 
outlet  terminal  shall  be  such  that 
the  pressure  in  the  vented  space 
in  the  fuel  tanks  is  never  below 
ambient  pressure  .  For  bladder 
type  tanks  the  cell  cavity  pressure 
shall  never  be  greater  than  the 
pressure  within  the  tank. 


Monitor  differential  pres 
sures  and  check  for  fuel 
spill  during  flight  pro¬ 
gram,  including  stressing 
maneuvers  and  flight  pro¬ 
files  (ref  3.5  and  3.6). 


Monitor  differential 
pressures  during  tests, 
especially  during  fast 
descents . 
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TABLE  3 


Requirements^  for  Operation  with  Component  Failure 


REQUIREMENT 


IMPACT  ON  TEST  PLANNING 


3.5.2  Failure  Concept.  A  single 
failure  of  a  functional  component 
of  the  fuel  system  shall  not 
prevent  completion  of  the  mission. 
After  two  failures  of  fuel 
system  or  other  subsystem  supply¬ 
ing  power  to  the  fuel  system  the 
fuel  system  shall  have  the  capabil¬ 
ity  for  recovery  of  the  aircraft. 

3. 6. 1.2  Gravity  Feed.  Fuel  system 
shall  be  designed  to  consume  all 
available  fuel  in  the  main  tanlcs 
by  gravity  feed  up  to  10»000  ft 
with  any  fuel  flow  up  to  rated 
power  with  airframe  fuel  filters 
in  by-pass  or  impending  by-pass 
configuration. 

3. 8. 2. 2. 4. 5  Pressures.  At  no  time 
shall  the  positive  or  negative 
pressures  in  the  fuel  tanks  and 
vents  exceed  the  design  pressure 
limits  of  the  aircraft  regardless 
of  the  failure  of  any  component. 

In  the  event  that  the  supply  of 
nitrogen  is  depleted  or  that  a 
malfunction  of  pressurization 
occurs,  the  inerted  areas  shall 
vent  to  ambient. 


review  system,  identify 
failure  modes,  check 
system  operation  in  these 
modes. 


Check  for  adequate  flow 
rates  wJLthin  limits  of 
flight  safety.  Should 
also  be  checked  by 
contractor  on  simulator. 


Check  differential 
pressures  during  fast 
climbs  and  descents. 


IParagraph  references  are  to  KIL-P-38363B.  The  current  version 
of  this  specification  should  be  reviewed. 
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TABLE  4 


Requirements^  Associated  with  Specific  Items, 
Conditions  and  Functions 

REQUIREMENT _ IMPACT  ON  TEST  PLANNING 

3. 5. 3. 2.1  Temperature  Environment.  Requires  environmental 

The  fuel  system  shall  be  designed  test  program, 

to  operate  over  the  temperature 
range  shown  in  Table  5. 

3. 5. 3. 2. 2  Icing.  Safety  of  flight  Part  of  environmental 

shall  not  be  jeopardized  when  oper-  test  program, 

ating  with  0.75cc  of  free  water  per 
gallon  in  excess  of  saturation  at 
80  deg.  F  at  the  critical  icing 
temperatures.  The  fuel  system  shall 
be  capable  of  continuous  operation 
with  fuel  initially  saturated  at 
80  deq.  F  and  cooled  to  any  temperature 
down  to  -65  deg.  F  without  anti-icing 
additives  and  without  draining/cleaning 
system . 

3.6.1  A  normally  separate  main  tank 
and  feed  system  shall  be  provided 
for  each  engine.  On  multi-engined 
aircraft  the  independent  systems 
shall  be  interconnected  so  that 
fuel  may  be  delivered  from  any 
tank  to  any  or  all  engines. 

Cutoff  of  any  engine  shall  not  Special  test 

adversely  affect  flow  to  the  others. 

3.6.2  Fuel  transferred  to  a  main  tank  Monitor  during  high  power 

is  transferred  to  a  main  tank  from  operation. 

internal  transfer  tanks  the  rate 
of  transfer  shall  not  be  less  than 
the  maximum  rate  of  fuel  consump¬ 
tion  of  the  engine  in  the  military 
power  condition. 

3.6.5  Feed  and  transfer  surge 
requirement.  Surge  pressure 
shall  not  exceed  120  psig  as  a 
result  of  initiating  or  stopping 
intertank  transfer  or  a  result 
of  decreasing  the  power  setting 
of  the  engines. 

^Paragraph  references  are  to  MIL-F-38363B .  The  current  version  of 
this  specification  should  be  reviewed. 


Check  all  possible  combi¬ 
nations  . 


Check  cross-feed  combi¬ 
nations  for  satisfactory 
functioning  at  high  powers. 
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TABLE  4  (Continued) 

Requirements  Associated  with  Specific  Items, 
Conditions  and  Functions 

REQUIREMENT  _ IMPACT  ON  TEST  PLANNING 


3.9.3  Interconnected  Vents.  Monitor  during  test 

Fuel  shall  not  be  transferred  program. 

through  one  tank  vent  to  another 

tank.  Several  tank  vents  may 

be  terminated  at  the  same  outlet 

location  in  the  aircraft. 

3.13.1  Fuel  Dump  Rate.  The  fuel  Special  test 

dump  subsystem  shall  provide  a 

minimum  dumping  rate  per  minute 

equivalent  to  1  percent  of  maximum 

gross  weight  of  the  aircraft,  and  the 

aircraft  shall  be  capable  of  dumping 

fuel  to  a  safe  landing  weight  in  a 

maximum  of  10  minutes. 


3.13.2  Aircraft  Controllability.  Monitor  during  3.13.1 

The  fuel  dump  operation  shall 
not  in  any  way  adversely  affect 
the  controllability  of  the  air¬ 
craft  . 


3.13.3  Dump  Controls,  It  shall 
not  be  possible  to  dump  fuel 
below  reserve  level  (para  3.63) 
unless  a  second  initiating 

action  is  performed  by  the  operator, 

3.13.4  Fuel  dump  safety.  During 
the  fuel  dump  operation  the 
fuel  and  fuel  vapor  shall  clear 
all  parts  of  the  aircraft  and 

no  fire  or  explosion  hazard  shall 
result.  Fuel  or  fuel  vapor 
shall  not  impinge  upon  or  re-enter 
any  part  of  the  aircraft. 


Evaluate  control  layout 
-Results  of  special 
test  3.13,1 


Check  during  3.13.1 
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TABLE  6 


Mekintenance  and  Serviceability  Requirements^ 


REQUIREMENT 


IMPACT  ON  TEST  PLANNING 


3.6  Maintainability.  All  aircraft 
fuel  system  components  shall 
be  accessible  for  inspection, 
cleaning,  and  adjustment  or 
replacement  while  installed  on 
the  aircraft,  with  tools  normally 
found  in  a  mechanic's  tool  kit 
and  without  removal  of  the 
engine,  fuel  tanks,  or  important 
parts  of  the  aircraft  structure. 

3. 6. 6.1  Fuel  boost  pumps  in  fuel 
tanks  of  1000  gallons  or  greater 
capacity  shall  be  removable  without 
draining  the  tank.  Boost  pump  leads 
shall  have  disconnects. 


Alert  maintenance  crew 
to  critique  maintain¬ 
ability  under  opera¬ 
tional  conditions. 


Check  maintenance  manual. 
Verify  by  inspection  of 
aircraft. 


3. 6. 6. 3  All  fuel  strainers  shall  be 
readily  accessible  and  shall  have 
sufficient  clearance  to  permit  easy 
removal  of  the  cover  and  element. 
The  filter  or  strainer  shall  be 
replaceable  without  draining  the 
fuel  from  the  system.  Loss 
of  the  fuel  in  the  assembly  is 
acceptable . 

3.7  Aircraft  Fuel  Tanks.  All  fuel 
tanks  shall  be  completely 
drainable  while  the  aircraft  is 
at  ground  attitude. 


Ample  clearance  shall  be  provided  to 
enable  removal  of  tank  bladder  cells, 
external  tanks,  internal  tank 
components,  tank  access  doors,  tank 
inspection  plates,  and  tank  sumps 
without  removing  major  structural 


Check  maintenance  manual. 
Verify  by  inspection  of 
aircraft. 


Requires  physical  check. 
Can  be  combined  with 
defueling  tests.  (This 
requirement  is  rarely 
met  completely) . 

Review  maintenance  manual 
and  actual  physical  layout 
Perform  test  if  in  doubt. 


^  Paragraph  references  are  to  MIL-F-38363B.  The  current 
version  of  this  specification  should  be  reviewed. 
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TABLE  6  (Continued) 


Maintenance  and  Serviceability  Requirements 
REQUIREMENT  IMPACT  ON  TEST  PLANNING 


components,  engines,  or  engine 
accessories  except  cowling  or  air¬ 
frame  access  panels.  It  shall  be 
possible  to  install  and  remove  the 
fuel  cells  individually  without 
interference  wH h  other  cells, 
preferably  throv  i  a  non-stressed 
panel  without  re  liring  jack  or 
other  structural  jigs. 

3. 7. 1.3. 2  Sump  Drains.  Operation 
of  the  drain  shall  remove  all 
of  the  collected  sediment  and  water 
with  a  minimum  loss  of  fuel. 

3. 7. 1.4  Access  Doors.  Each  cell 
shall  be  provided  with  an  access 
door  or  such  size  that  the  entire 
interior  of  the  tank  can  be 
inspected  and  cleaned. 

3.7. 6.1  Filler  Openings,  Shall 
be  located  to  permit  filling 

the  tanks  from  outside  the  aircraft 
without  overfilling  into  the  expan¬ 
sion  space.  Special  adaptors  and 
funnels  shall  not  be  used.  Scupper 
drains  shall  be  used  as  necessary 
to  prevent  spilled  fuel  from 
entering  any  portion  of  the  air¬ 
craft  of  engine  compartment. 

3. 7. 1.9.1  Tank  Installation  Time. 
The  time  required  to  completely 
remove  and  install  a  flexible 
internal  (self-sealing  or  non¬ 
self-sealing)  fuel  cell  in  an 
aircraft  shall  not  exceed  10 

man  hours. 

3. 7. 2. 2. 2  External  Tanks  -  Instal¬ 
lation  Time.  Time  required  to 
install  an  external  tank  shall 
not  exceed  15  minutes. 


Check  as  part  of 
maintenance . 


Perform  physical  check 


Check  during  ground 
refueling  tests. 


Check,  with  operational 
style  maintenance. 


Check,  with  operational 
style  maintenance. 
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TABLE  6  (Continued) 


Maintenance  and  Serviceability  Requirements 


REQUIREMENT 


IMPACT  ON  TEST  PLANNING 


3. 8. 2. 2. 5  Nitrogen  Servicing.  The 
inerting  system  shall  be  capable 
of  receiving  liquid  nitrogen 

at  a  minimum  rate  of  10  gallons 
per  minute  at  pressures  from  40 
to  150  psig.  The  servicing  con¬ 
nection  shall  be  accessible  from 
outside  the  aircraft,  and  the  in¬ 
strumentation  necessary  for 
servicing  (such  as  quantity  and 
dual  pressure  gauges)  shall  be 
visible  from  the  servicing 
coupling . 

3. 8. 2. 2. 6  Nitrogen  inerting  system 
components.  A  checkout  panel  shall 
be  provided  to  test  all  phases  of 
inerting  system  for  proper  operation 
during  preflight  checkout. 

Indicator  light (s)  shall  be  provided 
on  the  panel  to  signal  when  the  vent 
valves  have  allowed  air  to  enter  the 
system. 

A  means  shall  be  provided  as  part  of 
the  aircraft  to  verify  that  the  fluid 
serviced  to  the  nitrogen  inerting 
system  is  an  inert  gas. 

3. 9. 4.1  Vents  -  Pressure  Checking. 

For  aircraft  where  the  vent  system 
must  be  blocked  during  maintenance 
to  pressure  check  the  vent  system 
or  tanks,  special  ground  support 
equipment  (GSE)  shall  be  designed 
for  plugging  the  vent  lines.  The 
GSE  shall  be  so  designed  that  it 
will  not  cause  damage  to  the  tanks 
in  the  event  it  is  left  in  the  sys¬ 
tem  at  the  conclusion  of  maintenance. 
The  GSE  shall  have  a  stringer  or 
marker  to  prevent  leaving  the 
GSE  installed. 


Check  during  routine 
maintenance . 


Check  funtioning  during 
normal  servicing. 


Check  functioning  during 
normal  servicing. 


Check  availability  and 
suitability  of  GSE. 

Damage  resistance  should  be 
demonstrated  by  the  con¬ 
tractor. 
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TABLE  6  (Continued) 


Maintenance  and  Serviceal ility  Requirements 


REQUIREMENT _ IMPACT  ON  TEST  PLANNING 

3.11.1.6  Fuel  Level  Control  Valve. 

A  pre-check  system  which  will  check 
the  operation  of  the  fuel  level 
control  valves  in  the  initial  portion 
of  each  ground  refueling  shall  be 
provided  as  an  integral  part  of  the 
aircraft.  The  precheck  system  shall 
operate  on  the  float  principle.  The 
precheck  system  shall  permit 
isolation  of  a  failed  level  control 
valve. 

3.11.2  Gravity  Refueling .  It  shall 
be  possible  to  completely  gravity 
refuel  the  aircraft  without  external 
power  being  applied  to  the  aircraft. 

Each  aircraft  tank  shall  be  capable 
of  accepting  a  continuous  flow  rate 
of  200  gpm,  except  during  topping  up, 
without  requiring  any  operation  other 
than  removing  the  filler  cap  and  cor¬ 
recting  the  nozzle  bonding  plug. 

Tanks  that  can  be  refueled  by  over¬ 
flow  from  an  adjacent  tank  need  not 
have  a  filler  cap  provided  that  the 
emergency  defueling  requirements 
(3.11.3)  can  be  met.  For  aircraft 
with  small  tanks  where  the  200  gpm 
flow  rate  is  not  practical,  it  shall 
be  possible  to  gravity  refuel  the 
aircraft  in  a  maximum  of  10  minutes 
from  one  refueling  source  using  one 
hose . 

3.11.3  Ground  Defueling.  It  shall  Requires  specific  ground 

possible  to  completely  defuel  the  test. 

aircraft  through  a  MIL-A-25896  adapter 
at  a  minimum  rate  of  200  gpm  per 
adapter  with  a  suction  pressure  at 
the  adapter  not  in  excess  of  3  Psi. 

When  the  defueling  adapter  is  not 
also  used  for  refuelling,  a  posi¬ 
tive  means  such  as  a  check  valve 
shall  be  used  to  prevent  refueling 
through  this  adapter.  The  air- 


Check  each  tank  can  be 
refueled  at  the  required 
rate.  At  least  one  tank 
to  be  filled  completely. 
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TABLE  6  (Concluded) 


Maintenance  and  Serviceability  Requirements 


REQUIREMENT _ IMPACT  ON  TEST  PLANNING 

craft  booster  pumps  may  be 
used  for  defueling.  In  the 
event  of  a  wheels-up  landing  it 
shall  be  possible  to  defuel  the 
aircraft  through  the  normal 
servicing  adapters  or  by 
suction  through  accessible 
openings  in  each  tank. 


TABLE  7 


Ground  Tests  Required  by  MIL-F-38363^  in  Connection  with 

Aerial  Refueling 


_ TEST _ _ 

Complete  functional  tests  of  all 
installed  aerial  refueling  com¬ 
ponents.  (4. 5. 6. 2.1  (b)) 


Perform  compatibility  tests  to 
establish  compatibility  between 
tanker  and  receiver  aircraft  in 
respect  to  flow  rates,  pressures 
and  surge  pressures.  (4. 5. 6. 2.1 
(g)) 


COMMENT 


Usually  conducted  by 
contractor  during  develop¬ 
ment.  Record  time  of  open¬ 
ing  and  hydraulic  pressures. 
Will  be  checked  during  tests 
in  Climatic  Laboratory. 


Tests  include  functional 
compatibility  and  leak 
tests  and  determination  of 
maximum  flow  rate  for 
acceptable  surge  pressures 
at  shut  off. 


Demonstrate  that  the  slipway  door/ 
receptacle  or  probe  and  probe  doors 
have  the  ability  to  extend  and 
retract  during  hydraulic  actuation 
at  -65  deg.  F  temperatures  and  icing 
conditions.  Fail  safe  provisions 
shall  be  demonstrated  during  the 
extreme  temperature  and  icing  con¬ 
dition  tests.  Actuation  shall  be 
accomplished  under  simulated  flight 
air  loads  for  the  most  adverse  con¬ 
ditions.  (4. 5. 6. 2.1  (c)) 


^Paragraph  references  are  to  MIL-F-38363B.  The  current  ^^ersion 
of  this  specification  should  be  reviewed. 


TABLE 

9 A  RECOMMENDED 

DATA  PARAMETERS 

-  GROUND 

TESTS 

PARAMETERS 

TESTS 

FUEL  QTY 

REFUEL 

6  FUEL 

BOOST 

AERIAL 

CAL 

DEPUEL  TRANSFER 

PUMP  OFF 

REFUEL 

Tank  Quantities 

X 

X 

X 

X 

X 

Primary  Pumps  On/Off 

X 

X 

X 

Deck  Angle 

X 

Secondary 

Pumps  On /Off 

X 

X 

X 

Engine  inlet 

Fuel  Press 

X 

Fuel  Temperature 

X 

X 

Xfer/Cro&s  Feed^ 
Manifold  Press 

X 

X 

X 

Aerial  Ref  Manfld^ 
Pressure 

X 

X 

Engine  Fuel 

Flow 

X 

X 

Engine  RPM 

X 

X 

Elapsed/IRIG 

Time 

X 

X 

X 

X 

Event  Marker 

X 

X 

X 

X 

^When  observing  transients  frequency  response  should  be  greater 
than  lOHz  or  a  sample  rate  of  40  sec"^  to  establish  peak  values. 
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TftBLE  9B  REOOWtfiroED  DATA  B 


TABLE  9B  REGOMMOTOED  DATA  PARAMETERS  -  FLIGHT  TESTS  (Cbntinued) 


TABLE  9C  RECOMMENDED  DATA  PARAMETERS  -  TANKER 

Airspeed 

Altitude 

Outside  air  temperature 
Boom/probe  axial  load 
Booro/probe  torsional  load 
Probe  bending  load  (if  relevant) 

Tan)cer  fuel  flow  (Ibs/min) 

Aerial  Refueling  pump(s)  output  pressure 
Tanker  fuel  delivery  pressure 
Tanker  fuel  temperature 

Hydraulic  pump  pressure  driving  refueling  pumps 
Boom  position  (azimuth,  elevation,  extension) 

Boom  control  stick  force 
Boom  Control  surface  positions 
Telescope  lever  positions 
Total  fuel  transferred  (tanker) 

Video  tape  recording  or  motion  picture  of  boom/receptacle  interface 
(boom  pod  and  chase  views) 

Event  marker 

Elapsed  time/IRIG  time 

Discretes  (e.g.  Contact,  Disconnect,  Ready) 

ADDITIONAL  PARAMETERS  FOR  KC-10; 

Automatic  Load  Alleviation  System  (ALAS)  state 
Disconnect  limit  settings  (delay,  roll  and  pitch) 

Boom  nozzle  vertical  and  lateral  load 
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TABLE  9C  RECOMMENDED  DATA  PARAMETERS  >  TANKER  (Continued) 


FOR  KC-10  HOSEREEL  OR  OTHER  HOSEREEL t 
Boom  nozzle  fuel  pressure 
AR  manifold  fuel  pressure 
Boom  Control  Unit  (BCU)  discretes 
Hose  length 

Fuel  pressure  at  hose  venturi 
Fuel  pressure  in  AR  manifold 
Hydraulic  supply  pressure 
Hose  reel  response  pressure 


I 

i 

I 

j 


"j 

i 
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3 

1 

i 

i 
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TABLE  10 


Example  of  Maintenance  Checklist  Format  (Incomplete  List) 


REQUIREMENT 


COMMENT  (Example  Only 


3. 6. 6.1  Fuel  Boost  Pumps.  In  fuel 
tanks  of  1000  gallons  or  greater 
capacity  pumps  shall  be  removable 
without  draining  the  tank.  Boost 
pump  leads  shall  have  a  disconnect. 

3.6.6. 3  Fuel  Strainers.  Shall  be 
readily  accessible  and  shall  have 
sufficient  clearance  to  permit  easy 
removal  of  the  cover  and  element. 

The  filter  or  strainer  shall  be 
replaceable  without  draining  the 
fuel  from  the  system.  Loss  of  the 
fuel  in  the  assembly  is  acceptable. 

3. 7. 1.3. 2  Sump  Drains.  Operation  of 
the  drain  shall  remove  all  of  the 
collected  sediment  and  water  with  a 
minimum  loss  of  fuel. 

3. 7. 1.4  Access  Doors.  Each  cell 
shall  be  provided  with  an  access 
door  of  such  size  that  the  entire 
interior  of  the  tank  can  be 
inspected  and  cleaned. 


Dash  >2  shows  compliance. 
Confirmed  during  removal 
of  pump  on  tank. 


Confirmed  for  all  cases 
during  normal  maintenance. 


Confirmed  for  all  tanks. 


Confirmed  for  most  doubt¬ 
ful  case. 


NOTE 


Paragraph  references  are  to  MIL'F-38363B.  The  engineer 
should  review  the  latest  version  of  this  Specification. 


Nominal"  means  with  no  subsystem/component  failure. 

Configurations  with  external  tank  should  be  teeted 

ill  maneuvers  to  be  within  'dash  1*  limits  for  the  configuration 


TABLE  13 


Fuel  Systems  Failure  Modes  (F-15  Tests) 


BACK-UP  MODE 


1.  Emergency  boost 
pump 

2.  Pressurization 

3.  Gravity  feed 


PARAMETERS  TO  BE  CHECKED 


Engine  inlet  pressure 
at  high  flows 

Engine  inlet  pressure 
at  high  flows 

Engine  inlet  pressure 
at  high  flows  vs 
altitude,  sideslip, 
etc. 


Examples  of 
COMPONENT  FAILED 

Main  tank  booster 
pump 


Transfer  pump 


Automatic  center 
of  gravity  control 


Tank  pressurization 
by  ble^d  air 


1.  Pressurization 

2.  Gravity  feed 
Manual  override 

Ram  air 


Adequate  transfer  at 
high  powers 

Transfer  rate  vs  angle 
of  attack 

Clarity  o£  procedures. 
Workload  and  degrees 
of  attention. 

Tank  differential 
descent  at  low  power 
and  airspeed 
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A  lines  capped  when  external 

TANKS  ARE  NOT  INSTALLED 

6.  REFUELING,  DEFUELING,  AND  IN¬ 
TERNAL  FUEL  TRANSFER  mRE  ONLY 
POSSIBLE  AS  GROUND  OPERA¬ 
TIONS. 

7.  AUXILIARY  AND  EXTERNAL  TANK 
PUMPS  HAVE  OUTPUT  PRESSURE 
HIGHER  THAN  MAIN  TANK  BOOST 
PUMPS. 


fWNWHt 
NO.  4 


LOW 

PIUS 


nSE  HANDU 

o  c 

0  0 

L 

nn  HANDU 


run  HUTU 

AND  STRAINIR 


CROSSFRH) 

VALVi 

SWITCH 


I  DUMP 
'MAST 


PWD 

TANK 

PUMP 

SWITCH 


ONE-WAY  CHECK  VALVE 

PRESSURE  WARNING  SWITCH 
(CLOSES  ON  LOW  PRESSURE) 

REFUELING  SHUTOFF  FLOAT 
VALVE  (DUAL  SOUNOlO 
OPERATED,  ENERGIZED  OPEN, 
DE-ENERGIZED  CLOSED  OR 
FLOAT  CLOSED) 


ELECTRICALLY 
OPERATED  SHUTOFF 
VALVE 


FIGURE  3  SCHEMATIC  OF  C-130H  FUEL  SYSTEM  -  STARBOARD  SIDE 
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fyti  yuMmr  oats  ta9u 

J^4oit4P'9 


UMIIE  FUEL 


GALLONS 


FOUNDS 
AT  I  S  LI/ GAL 


I  ■CniQiEHli 

I  Kgruiiiiii  lAi  >11  iMm 


[ TANK  1  [ 

T> 

508 

3300  +  100 

3200  +  100 

3400  •  100 

RIGHT  ENG  FEED  TANK 

234 

1500  +  100 

1500+  100 

1550  •  100 

LEFT  ENG  FEED  TANK 

184 

1200 1  100 

1150+100 

1250  •  100 

INTERNAL  WING  TANKS 

L 

422 

2750  +  200 

2650+  200 

2800  1  200 

R 

422 

2750  1  200 

2650 +  200 

2800  +  200 

TOTAL  INTERNAL  FUEL 
EXTERNAL  WING  TANKS 


INTERNAL  FUEL  PLUS 
EXTERNAL  WING  TANKS 

EXTERNAL^  TANK 

INTERNAL  FUEL  PLUS 
EXTERNALS  TANK 

MAXIMUM  FUEL  LOAD 
TOTAL  INTERNAL  PLUS 
ALL  EXTERNAL  TANKS 


n,500i450 
39Mi  250'' 
39SQ  1 2W 


11,1501  *50 
M40  1  250 
3840 « 250 


19,400  1  600  10,830  1  600 

3950  +  250  3840  +  250 

15,450  1  500  14.990  *  500 


11,850  1  450 
4090  ♦  250~ 
4090  *  250' 

20,030  +  600 

4090  +  250 

15,940  1  500 


23,350  1  650  22,670+  650  I  24,120  1  650 


ro  ON  AIRCRAFT  THRU  8L0CK  9, 
SUBTRACT  APPROXIMATELY 
200  POUNDS  FROM  THE  VALUES 
FOR  TANK  I, 


RIGHT  ENGINE 
FEED  TANK^ 


NOTES 

•  THE  FUEL  QUANTITIES,  IN  POUNDS,  ARE 
ROUNDED  OFF  TO  READABLE  VALUES 
OF  COUNTER  PORTION  OF  THE  FUEL 
QUANTITY  INDICATOR; THEREFORE, 
THE  ACTUAL  GALLONS  TIME  6.5,  6.3  OR 
67  WILL  NOT  NECESSARILY  AGREE 
WITH  THE  POUNDS  COLUMN. 

•  FUEL  WEIGHTS  ARE  BASED  ON  JP-8  AT 
67  AND  JP-4  AT  6.5  AND  63  POUNDS 
PER  GALLON  (DIFFERENCES  ARE  DUE 
TO  MANUFACTURERS  ALLOWABLE 
TOLERANCES)  AND  65  DEGREES 
FAHRENHEIT. 


LEFT  ENGINE 
FEED  TANK 


FIGURE  5  GAGING  PRESENTATION  AND  TANK  LAYOUT  -  F-15A 
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FIGURE  7  FUEL  SYSTEM  SCHEMATIC  -  F-15A 


IIFTAXIMUTH  LIMIT 


NOTE  1  ELEVATION  IS  KEASURED  POSITIVE  DOWNWARD  FROM 
TANKER  WATERLINE 

NOTE  2  WITH  FIGHTER  RECEIVERS  UPPER  ELEVATION  LIMIT  IS 
OFTEN  2S  DEG  TO  ENSURE  BOOM/CAHOPY  CLEARANCE 


riGUPE  8  BOOM  REFUELING  INSTALLATION  -  KC-135 
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C  01 

o  o 

C  ‘f  c 

o  V  0» 

*r-  O  U  ^ 

4->  (V  0)  0) 
u  r—  'f-  ^  C 

a>  ^  0)  9>  I 

0)  «  c  « 

o  < 

0}  0)  J 

Q  t-  a»r-  < 
O  <0  r—  ^ 
U  r-  O  •< 
0)  fO  0)  o:  c 

•^  >  t/>  _ 

*o  0>  3  E  1 

3  I—  U-  O  < 

cc  uj  n  o  < 
M  n  o.  CO  c 
UPC  It  I 
v-o  cc* 


‘dll 


i  I 

(W 


FIGURE  ^  ADVANCED  AERIAL  REFUELING  BOOM  (KC-IOJ 


PROBE  AND  OROCUE  AIR  REFUELING 
AIR  REFUELING  HIE  A-37B 


PRECONTACT  POSITION 

The  boom  will  be  trailed  fully  extended  as  follows: 

DEGREES  DEGREES 

AZIMUTH  ELEVATION 

0  30° 


FTGURF  10  REFUELING  FROM  KC-135  WITH  BOOM  TO  DROGUE 
ADAPTOR  KIT  (PROBE  DROGUE) 


APPENDIX  A 

EXAMPLE  OF  TEST  INFORMATION  SHEET 
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?C*T  TIM! 

Q^pniMAnv 

QcoHcuanCNT 

TETmitwer- 

Feb  74  -  Dec  74 

TtiTiwe  zrrrvtTT* 

AFFTC/DOVJ 

HAlANOObl/UMUlUAI.  Illi 

No 

LOCATION  Of  1C&T 

EAFB 

tl|TTI»K  ---1 

PlfLAN  rsCfNOCCDUHAL 

itCdluTV  Cl-AMinCATiaN 

UNCLASSIFIED 

AFFTC  TtST  IHf  eP'AA,:-  !  '  T  .  TIM 
_ I  l: _ 


iitwi  or  iiiT 
Evaluation  of  Furl  SubsyaCcn 


rj.i-  !.j-^..ia7iV 


F-15 


err  ccTiviiT 


f**«t  or 
1 


TIk  NUMMCn 

46 


M^VltlON 


1.0  RF.FKKKNCES  ; 


1.1  F-IS  Air  Force  Devolopnont  Test  and  Evalu.itlon  Plan.  AFFTC,  July  197Z. 

1.2  F-15  Flight  M.»nual.  T.O.  lF-lSA-1,  CPrcllmlnary) . 

1.5  McAlr  Report  H277-1,  Vol  I,  Books  1  and  2,  F-15  Intecratcd  Data  System  - 
Airborne  Instrumentation  System  Description.  30  Sepceeber  1971. 

1.4  Military  Specification,  Fuel  System,  Aircraft.  General  Specification  for, 
M1L-T-3S36A  (USAF),  23  December  1971. 


1.5  Contractor  DT&E  TIS  for  Qualification  of  F-15A  Fuel  Subsystem.  TIS  No. 
CP089FF0001.01,  28  August  1973. 

1.6  Prime  Item  Dcvclopmonr  Specification  for  F-15  Air  Vehicle  Fuel  Subsystem. 
Mo.  CP76301A328A089A  McDonnell  Douglas  Corporation,  15  December  1969. 


2.0  FUEL  SUBSYSTDt  DESCRIPTION  WUC  46000 

The  fuel  system  is  designed  to  operate  automatically  for  all  normal  conditions. 
Bai|ihasls  has  been  placed  on  minimizing  the  pilot's  task,  redundancy  to  assure  fuel 
availability  I  and  protection  against  fire  and  explosion.  Transfer  of  all  internal 
and  external  fuel  la  automatic  and  functions  without  sensors.  The  system  will  provide 
fuel  up  to  military  power  throughout  the  entire  flight  envelope  with  complete  loss  of 
normal  electrical  power.  The  aircraft  has  four  fuselage  fuel  tanks  and  two  wing  tanks. 
The  four  fu*<ci  '.cu  tanks  .ire  designated  tanks  1,  2,  3A  and  3B.  Tank  2  is  the  feed  tank 
for  the  ri.;h'.  cr\>Une  and  tanks  3A  and  3B  make  the  feed  tank  for  the  left  engine.  In 
addition,  exttirn.il,  pylon  mounted,  droppable  600  gallon  fuel  tanks  may  be  used.  The 
fuel  system  also  provides  the  capability  for  aerial  refueling,  overboard  dumping  of 
all  fuel  except  that  In  the  main  feed  tanks,  a  fi rc/cxplosion  suppression  system 
consisting  of  a  grossly  voided  installation  of  re^culated  foam,  and  pilot  display  of 
fuel  quantity,  low  level  warning  and  a  "Bingo"  fuel  warning. 

3.0  TEST  OBJECTU'FS; 


ACTION 

orricr  on  pomtion/pmonc 

DATC 

rOCf ANC 

AFFTC/DOEESF 

f^rj/  7</ 

ocwcw 

AFKTC/DOEES/DOVJE  /' 

Luf 

7^2/ 

otviev 

AFFTC/DOVJ /TACO- J  ^ 

tvitv 

AFFTC/OOV 

1  APPAOVI 

AKKTC/DO 

6  AVift  1974 

AFFTC  0-I2J 


AFF  TC  nST  INFORMATION  SHEET  (TIS) 

(  f-15  TCtTesaoaAiu 

UATL 

•  H  Frbrwnrv  107 

^  PAftC  PAACI 

tMktortctt 

Evaluation  of  Fuel  Subsystem 

vcmiccc  ivrc 

E=15: 

_ 46 _ 

EKKuBI 

myimii 

HI 

(xlimoCtbUMAV 

iwwi'tyuiPTiT— — 

HAlANOOUft/UNUSUAW  tCST 

No 

3.1  To  dtnonatrattt  that  Che  fuel  •ubeyaten  ot>cratca  without  deflctcncte*  during 
representative  maneuvers  throughout  Che  operational  envelope  aa  apeclfled  In 
'paragraphs  3, 2. 1.2. 2  and  3. 2. 1.3.1  o£  reference  1.6.  (reference  1.1|  TIS  No.  46, 
paragraphs  3.1), 

‘  3.2  To  demonstrate  satisfactory  fuel  subsystem  operation  In  the  most  extreme  air 

vehicle  opcratlnQ  attitudes  as  specified  in  paragraph  3. 2. 1.2.3  of  reference  1.6. 
(reference  1.1,  TIS  No.  46,  paragraph  3.1) 

3.3  To  demonstrate  that  emergency  operation  of  the  fuel  subsystem  will  be  in 
accord.'^nce  with  paragraph  3. 2. 1.2. 4  of  reference  1.6.  (reference  1.1,  TIs  No.  46, 
paragraph  3.1) 

3.4  To  demonstrate  that  either  engine  can  be  fed  by  either  feed  tank  and  that 
fuel  flow  to  either  engine  can  be  deactivated  without  affecting  fuel  flow  to  the 
other  engine,  as  required  by  poragraph  3. 2. 1.3  of  reference  1.6.  (reference  1.1, 
TIS  No.  46,  paragraph.  3.1) 

3.5  To  demonstrate  that  fuel  subsystem  operation  with  one  boost,  pump  inoperative 
satisfies  the  requirements  of  reference  1.6,  paragraph  3. 2. 1.3 <4.  (reference  1.1, 
TIS  No.  46,  paragraph  3.1) 

3.6  To  demonstrate  Chat  the  low  level  and  bingo  warning  system  are  consistent 

■  and  meet  the  requirements  of  paragraph  3. 2. 1.8.1,  reference  1.6.  (reference  1.1, 
TIS  No.  46,  paragraph  3.5) 

3.7  To  demonstrate  satisfactory  operation  of  the  fuel  transfer  system  per  para¬ 
graph  3. 2. 1.3. 5  of  reference  1.6.  (reference  1.1,  TIS  No.  46,  paragraph  3.1} 

3.8  To  define  the  quantity  of  fuel  aubsyntem  expansion  apace  to  satisfy  the 
requirements  of  reference  1.6,  paragraph  3. 2. 1.4. 7.  '  (reference  1.1,  TIS  No.  46, 
pragraph  3.1} 

3.9  To  demonstrate  satisfactory  operation  of  the  fuel  tank  pressurlsatlon  system 

to  satisfy  the  requirements  of  reference  1.6,  paragraph  3. 2. 1.5.  (reference  1.1, 
TIS  No.  46,  paragraph  3.1)  • 

3.10  To  demonstrate  that  ground  and  inflight  operation  of  the  fuel  vent  system 
meet  the  rrqulromcnts  of  rcfcrcucu  1.6,  paragraph  3. 2. 1.7  and  reference  1.4, 
p.aragr.iph  4.3.4.  (reference  1.1,  TIS  No.  46,  paragraph  3.1) 

3.11  To  demonstrate  that  the  accuracy  of  the  fuel  quantity  system  satisfies  the 
requirements  of  reference  1.6,  paragraph  3. 2. 1.8,  (reference  1.1,  TIS  No.  46, 
paragraph  3.5) 

3.12  To  demonstrate  that  ground  pressure  refueling  satisfies  the  raqulramonta  of 
refcrcnca  1.6,  paragraph  3.2.1.11.  Crefarcnce  1.1,  TIS  No.  46,  paragraph  3.2) 


AFFTC  ssntACM  Arrtc  sonu*.  nicn«i( 
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AFFTC  TEST  IHFURMATION  Mwer'CHSl 
(  F-1S  lEST  reooHAMt 

,  .  1 

It  V- iM  M.-irv  1974 

l>ACC  -p* 

IMCCOr  TUT 

Evaluation  of  Fuel  Subsystem 

til  HUKlll.N 

46 

n  jT«mi  r— — 

iilllflH 

H9BHI 

Ti» 

LOCATION  Of  Test 

[nnn  UA/inrHaMMi 

NAIARMUI/UNUtUAL  TUT 

Ri^enOClOOSAI. 

AFFTC 

No 

^  _____  _ 

3.13  To  demonstrate  that  ground  defueling  sntisflcs  the  requirements  of  reference 
.1.6.  paragraph  3.2.1.13.  (reference  1.1,  TIS  No.  46,  paragraph  3.2) 


3.14  To  demonstrate  that  fuel  dump  systeA  performance  satisfies  the  requirements 
of  reference  1.6,  paragraph  3.2.1.14  and  reference  1.4,  paragraph  4.5.7.  (refer¬ 
ence  1.1,  TIS  No.  46,  paragraph  3.3) . 

e  •  '  ' 

3.15  To  demonstrate  that  the  aerial. refueling  system  satisfies  the  requirements 
of  reference  1.6,  paragraph  3. 2. 1.9  and  reference  1.4,  paragraphs  4. 5. 6. 2.1  and 
4. 5. 6. 2. 2.  (rafercncc  1.1,  .TIS  No.  46,  paragraph  3^4} 

« 

4.0  TEST  CONDITIONS/PROCEDURES;  Specific  tests  are  outlined  In  Table  1.  Numbers 
in  the  tabic  indicate  test  item  number.  Paragraphs  1.0,  3.0,  4.0,  and  11.0  require, 
a  total  of  35  hours  primary  flight  time.  The  remainder  of  the  tests  may  be  conducted 
In  conjunction  with  other  tests. 

5.0  SUPPORT  REQUIREMENTS; 

5.1  Photo  chase  (F-4)  will  be  required  for  all  refueling  flights.  Use  of  the  * 

A.FFTC  KC-135  tanker  with  the  Instrumented  boom  is  required  for  all  aerial  re¬ 
fueling  flights.  ‘  .  . 

5.2  F-15A  production  no.  8  (contractor  operated),  and  no.  14  and  TF-1  will  be 
used  for  these  tests.  Instrumentation  in  no.  8  and  TF-1  shall  be  in  accordance 
with  Table  2.  Instrumentation  in  ship  no.  14  consists  of  engine  parameters 
primarily  with  limited  fuel  system  parameters. 

5.3  This  TIS  represents  the  test  program  ss  required  by  AFFTC.  The  teat  program 
Is  essentially  parallel  to  the  McDonnell  Douglas  fuel  system  qualification  TIS 
No.  CP089FF0001 . 01 ,  dated  28  August  1973.  It  Is  anticipated  that  the  contractor 

.  will  perform  the  majority  of  the  tests  contained  herein  on  F-8.  ■  In  order  for  the 
.  'AFFTC  to  meet  the  requirements  of  completing  the  tests  outlined  herein  without 
duplication  of  testing,  contractor  data  must  be  made  available  for  AFFTC  anelyals 
and  use  in  the  final  technical  report.  The  F-13  SPO  will  arrange  with  the  con¬ 
tractor  to  provide  free  access  to  and  copies  of  all  contractor  data  gathered 
under  the  above  TIS. 


AFFTC  361  MPtacat  arrve  reams-iu,  nia  n.  wmcN  «h:i.  •«  stao. 
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ft 


U.3.»  T«f  Off  CaraMlltr 


tnr  PLAN  UPITT  mmnr 


in 


ADoznonuCi  im  i 

lOM.  J.A.,  CIV 
OKlt  Mtety  tap 


tar  T.O.  00>2S-172,  •  .Sy«t«M  tataty  tapinMrlng  An«ly«i>  (SSIA)  mat  b*  oonduetad 
prior  to  portoralnp  OoalMit  Quidt  Turnarouad  (otaultmooua  roCooXinv  and  OMBltlona 
lendtag  with  tta  onplaa  abut  down)  eparationa.  Ibis  affort  la  alao  bainp  nsad  to 
davatop  tat  taCnalinp  (raluallnp  with  aagiaa  cparatlng)  proeaduraa. 

Ground  taata  of  tal6  xafuallnp  ayataan  and  airflow  pattaxu  with  tha  anvina  oparating 
will  ba  eonduebtd  to  aaaiat  in  dawalcpiag  proeaduraa  for  hot  rafualiag  and  eonbat 
quidi  turnaround  oparationa.  Xf  aatiafaetoxy  proeaduraa  and  pralininary  technical 
data  are  davolopad.  ana  or  two  bet  rafualinp  jparatiena  and  appronlMtaly  aix  guide 
turnaceunda  will  ba  oonduetad* 

Thaaa  taata  ara  baing  paxfoinad  at  tha  raguaav  of  HQ  oSAT/UBf.  AFIC/ICT  ia  tha 
daaigaatad  (VR«  and  ia  being  aupportad  by  tha  >**ld  SPO  and  tha  r>16  OTV. 

HOrit  Thia  AFRC  tarn  26  ia  b«ing  ooordinatad  to  approwa  tha  Hot  tafualing  and 
Qtti;j(  Tnxnaround  actiwitiaa.  Vadi  data  dawalopid  for  thaaa  taata  will  ba  approved 
by  tha  Onwaandara  appropriate  rapxoaantativoa  XMI  hmCH  Tha  opaoial  taata 

wiU  ba  approved  by  a  aaparata  roaa  3H  after  proeaduraa  have  bean  approved  by  tha 
naabara  of  thia  sn.  r.  v 


ruML  cooaaaiATWH  *aa  «apaev*L 


coonemikTiMc  of 


TYOtOHAMl,  OfAOt  ANOTIT!.! 


i.  A  latety  Mvlaw  louA  (SM)  «m  oom  ad  in  tte  McMtanta  of  IMOty  oMfonnco 
IMB  CO  ST  Nov  Tt.  ‘  A  liot  of  ottooAoos  lo  ottoahof. 


a.  M  aUk  hoa  booo  laafDiaf  tw  aowaiol  otbaa  tufttiml  oiaoioft.  nooo  aBolyooi 
aaoally  laalada  aetivltioa  to  dafiao  totrfaUdl  pimblao  axaa«*  aatabilah  a  ayataa« 
daaal^  taahaioaX  data,  aaXidata  that  datat'  and  doaonatrata  (aarify)  tha  eapabiltty 
wltli  aetaal  aaareiaca. 


a.  M  MBA  taaa  of  ATbC,  ATtK,  and  nc  faaaoaMi  aaaafoa  tlw  affwt.  fta 
beat  baaa  paavidaa  tha  almnft.  avnoct  aqaigaant,  and  yavaowal  to  yavtialyata 
la  tba  taeh  data  davalapMot  and  daaoaatMtlaa. 

b.  tlw  r-Xd  affact  will  ha  aooduetad  tay  o  idkiah  iaeladaa  V«ld  JtT  aupport 
paraoaaal,  taat  anqiaaociat  nf/tott,  ao  r>ld  yilot*  and  a  prodoetlon  r>ld  aircraft, 
tta  MBagowant  taaw  Inolodaa  awiacaaanca,  fOA>  fiia  haaaxd,  aed  waapona  paxaemal, 
aa  wall  aa  f-ld  tfO  fOal  ayataaa  aad  taat  and  awaloatioa  paraeaaal. 


e.  Arac/XGf  will  provlda  tha  taaa  tiiiaf  >  who  will  fuaetion  aa  taat  Oondiietor 
far  taat  aeticity.  Aa  f-ld  ayataaa  taat  angiaaar  will  rapraaaat  AlftC  on  tha 
aaaapaaaat  taaa.  Ao  P-ld  craw  ehiat>  tulfillioq  tha  cola  of  Aafualinq  Soparrlaori 
and  an  P-ld  Nunitiona  Loadiaq  taaa  will  anaoata  tha  aetivitiaa,  aeoerdinq  to 
davalopad  taeh  data,  «mdar  tha  atparwiaion  of  tha  that  Oonduetor.  tha  APnc 
Ooaaandar  la  to  retain  owtrall  aafa^  ra^eoalhllitp. 

3.  HQ  AFIC  haa  walwad  tha  pcoaialona  of  APSCA  13d-3  for  thin  aetialty.  to  aaauza 
tha  OnwMndar  that  adaquata  pcallainary  taeh  data  haa  baan  davaloiiad,  tha  followinq 
will  occur. 

a.  tha  uaual  a«varviaory  aad  ataff  paraonnal  will  Obaarva  tha  daaalopwant  and 
aalidatlai  of  tha  taeh  data. 

h.  tha  proalalonal  data  will  ba  approved  at  tha  Ceawandar'a  htviaw  prior  to 
ooaduetinq  Aot  Aafoaliaq  or  Quidt  tagenaxeund  eparationa. 

4.  tha  goal  of  thia  effort  ia  to  conduct  Rot  Aafualing  and  Ooahat  Quick  Tanaround 
eparationa.  ho  devalep  tha  nacaaa  ry  technical  data,  analyaaa  have  datamdnad  that 
aavaral  apacial  taata  ara  raqulrad. 

a.  fined  there  ia  no  capability  to  pra-dtack  tha  high  level  fual>ahuteff 
valvaa,  a  failure  would  roault  la  a  fuel  ipill  through  the  tank  vent  ayataw  outlet, 
lha  quaatlkp  of  fuel  villad  t^wntad)  before  tha  avpply  could  ba  abut  off  auat  ba 
datarwinad.  lha  high  laoel  ahutoff  valve  will  ba  wachanioally  ‘'ailed,  and  rafuallng 
will  bo  eentinuad  until  tha  hafualing  tuparviaora  em  taminata  the  fuel  aipply 
with  a  daotean  >**iteh  (if  a  ppntegraph  ia  uaad)  or  a  alqnal  to  tha  pit/truefc 
operator  if  a  aingla-peint  hoaa  la  uaad.  filled  fuel  will  ba  caught  ia  an  approp¬ 
riate  bowaar,  and  tha  quantiQr  will  be  awaaurad.  Any  continuing  ^ill  due  to 
siphoning  after  ovpply  abut  off  will  alao  ba  noted. 

b.  Airflow  patterns  near  tha  aircraft  with  tha  angina  eparatiag  will  ba  eval¬ 
uated.  A  to-ba-dateminad  awoke  aooroa  will  ba  utiliaad  to  doetwant  airflow  pattami 
with  photography.  Taat  oonditiona  include  atill  air  and  aBd>iaBt  wind  conditions. 

c.  PraTiottsly  raportad  fuel  "wiating*  fren  tha  vont  outlet  will  ba  avaluatad 

during  routine  rafuelinga.  Obaaraara  will  use  a  mirror  as  a  condanaeta  oollacting 
surfaes  to  dotarmina  if  "niating”  guantitiaa  ara  aignifioant  to  thg  landed 
eparatioa.  \ 


d.  During  taeh  data  validation  walk-through  only,  OR  elothiag  and  agwlpmsnt 
nay  ba  worn  for  aoas  eparationa.  (fhaao  owaluatioaa  are  of  a  low  priofity,  and 
will  ba  performed  only  if  rasaonabla  to  do  ao}.  Sw  abjaotiva  is  to  dateradna  if 
participants  can  parfOm  thoir  funotions  with  any  caduead  capacity  praaantad  by  tha 
OR  aqulpwant. 


I.  tte  feUmring  cMMau  awly  to  t)w  igoolol  toots  m»  took  4oto 
Aotol«0OMt  oetivtty  ditflastioao. 

a.  tko  m  Colt  tlMco  wax*  no  taat  uniqua  haaaida  aoaoelatad  witii 
ttaa  oalldatiQB  Monfthraotha,  avon  it  tha  paotloi^ta  van  vaariof  CU 
aqalfaont. 

b.  fha  "oiatiav"  taat  obaamn  will  ba  omn  of  Ifnitlon  aoarea 
avnpnaaloa  pneaduraa,  and  will  oonduot  tbair  aetlvttloa  undar  tha  aapar* 
viaion  of  tha  bafualinq  Su^rviaor. 

e.  Tha  airflow  avalaatlona  could  pnaant  toale  and/or  oorrooivo  haaaxda. 
dqpandlat  on  tha  aooka  aouroa  to  ba  wood.  Bofiao  fOD  and  poxsonaol  injury 
to  tha  haraon  poaitiOttlnB  tha  aaoka  aouroa  auat  alae  ba  addrasaod. 

d.  Tha  taata  to  dataraina  fual  apillad  if  a  ahutoff  valaa  faila  xaiaad 
oaaaral  quaationa  ralatad  to  potential  haaarda. 

(1)  la  it  poaaibla  to  ruptun  a  fual  tank  daring  thaaa  taata? 

(3)  Will  tha  nathod  used  to  fall  tha  ahutoff  valva  haaa  any  other 
affacta  on  tha  fual  ayatao  oparatlana?  How  will  thia  fallun  ba  docnantad? 

(3)  Will  tha  uaual  fual  bowaar  ba  abla  to  contain  the  wanted  fual 
at  tha  rata  it  would  ba  vantad? 

(4)  Will  partieipanta  ba  awpoaad  to  aprayad  fual? 

d.  Tha  sn  idantlflad  the  potential  haaarda  llatad  on  tha  attached  OHAs. 

Tha  inecoplata  QHAa  will  ba  uaad  to  aaaiat  in  davaloping  technical  data. 

Final  OKA  will  ba  xaviawad  and  a  xiak  level  will  ba  aaaignad  at  tha  AfTtC 
Fora  38  approwal  briefing. 

RBWRKS  raOM  4  DBC  78  SM; 

7.  The  SRB  raocwiveDQd  in  the  Directorate  of  Safety  conference  rocn  on  d’oec  78. 
A  liat  of  attendees  is  attached. 

8.  me  fbllowlns  Qomnents  apply  to  paragraph  5  above. 

a.  The  nlsting  tests  showed  sane  misting  by  an  FSD  aircraft  and  no 
misting  by  a  production  aircraft,  with  or  without  the  prototype  BCP  vent 
Bodificatlon,  lower  fitplosive  Limit  of  fuel  vapor  did  not  extend  more  than 
34  ioebas  from  the  vent. 

b.  The  airflow  tests  were  not  conducted,  is  further  analysis  Indloatsd 
they  were  unnecessary. 

c.  me  open  questions  in  paragraph  9d  were  cloeed  by  discussions  with 
the  r-16  SFO  fuel  engineer.  Tests  resulted  in  3.8  gallons  of  fuel  twiing 
vmtmd, 


109 


79-OlA. 


d.  Ito  iiMoiiLl  tMtaud  t«oh  dkta  i>»»ilopMiit  ] 

■pgrovd  tgr  a  Mpant*  AIVTC  Rm  9,  oaotrol  oodMr 

0.  OMcalOoMita 

a.  nch  lava!  raftMllac  ifeutotf  valva  fallura  oo—idtatloni  alll 
r«|uira  tbt  uaa  of  a  fual  faoaav  for  bot  lotuallni  and  ^luiok  turnaround 
oparatioon. 

b.  Opmtloao  will  not  ba  ooadkictod  on  alronft  with  hot  brakaa. 

0.  A  TAB  VB  abaltar  araa  will  ba  steUatad  with  ropaa  and  rutabar 
traffle  oontrol  oonaa  for  quick  tunaround  cparatlooa. 

d.  tUo  bot  rafuallnia,  ana  with  J0-S  and  ttaa  aaoond  with  JP-4,  will 
ba  ooodkietad.  Tbraa  quldc  turnaround  oparatioon  will  ba  oooduetad,  with 
ana  of  these  oonductod  at  nlcbt. 

10.  Iba  aro  ravlewod  the  final  OHA  and  oonaldarad  the  taata  to  ba  Low 
Rlak.  Prloary  oonslderatlona  ware: 

a.  the  F-lOO  ao(im  doss  not  oonstitute  a  significant  Ignition  aourcs 
while  operating  at  idle,  without  pooled  fuel  directly  beneath  the  anglne 
Inlat. 

b.  The  addition  of  ninitlons  operations  on  the  wing  opposite  the 
refueling  (deration  does  not  present  a  significant  Ignition  source  naar 
the  fuel  vent. 

c.  OanbinlDg  two  operations,  both  of  which  are  designed  to  be  ignition- 
source-free,  does  not  significantly  increase  the  riafc  level  fren  that  of 
the  separate  operations. 
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TUniar.  G.B.  MS^t 
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AairiiSi  P4R*  OS-12 
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TCtV  ALAN  ntVItVCO.  MO  OMCMATIMO  MAtAOO 
ANAWVftIft  MtOUIAIB. 


TC»T  MkAM  OlVUMie*  VUMTMCM  MAIAOe  AMA4V«*ft 
MCOUIMte. 


to.  oatoATiiio  HAtoaa 


DOllft  tttT  Mt^OMT  ooeumte. 


tMIP  OtSCeiaTtON  AMO  iUlTiaiCAriON  OA  TUT 

_  nt»*  >A— t  tt  Wa*  MM»»  If  wniie _ ' 

R<queattn)t  Offlct«lt 
Michael  Dauch,  Capt  (OV-lOA) 

Roycc  Cronea,  Cape  (A-17B) 

Allan  Webb,  GS-12  (F-SE) 

The  putpeae  of  thU  llultcd  teat  progiaw  la  to  doUtaliie  aait>:bllit>>  of  JP-E  fuel 
for- use  at  low  ambient  tenperaturea.  The  teat  aircraft  for  thla  prograa  will  be  the 
OV-lOA,  A-37B,  and  F-5E, 

JP-8  fuel  Gonveraion  effotta  are  eatabllahed  by  llq  USAF  Progtaa  HanaRetaint  i 

Directive  "The  Conversion  of  Air  Force  In  Europe  Facilities  and  Land  Baaed  Jet  AirerafI 
touae  JP-8  (NATO  F-IA)";  dated  14  Feb  78.  The  San  Antonio  Air  Logiatlca  Center  (SA- 
ALC),  as  ayatea  aanager  for  the  OV-lOA,  A-37B,  and  F-SE,  requeated  the  AFFtC  to 
evaluate  JP-8  fuel  for  nonaal  use  In  theaa  aircraft.  These  Cllaatlc  Laboratory  tsata 
arc  a  portion-  of  the  overall  JP-6  fuo-l  qualification  program.  I 

Publications  Reviewed  ! 

CatcKurv  11  Climatic  r.vnluatlona  "!  F-SA  Alrcrolt  ASD-TR-65-13,  datvd  September  19M  j 

(iilniiitc  L.iborjlurv  SH-Ai.(:-TR-7B-179  dated  November  1978. 
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Vi  ifttAiKI 

swaTergTmgyrtwa 

r-lS  s'yaMM  AFDTtC  (CltMtlc  Ub)  1  Hay  1474 
E-3A  Cllutle  laboratory  Tatto  14  fbbroary  1477 
P-14  PSD  CllMtlc  Toot  Protraa  )  Mntary  t47S 


ll.  Tha  Safaty  Paviow  board  waa  bald  at  1300  boura  on  25  May  74  In  tha  Safety  Oanforoocil 
hiiiiB.  tn  addition  to  tha  Soard  naiAata  ilatad  la  Saetton  III,  the  fellowlnt  Indlvtduala  I 
Lore  praaant:  I 


Major  W.  Hohwolaner 
Capt  R.B.  Black 
Capr  J.R.  Andoraon 
Capt  M.A.  Dauth 
Capt  B>  Cronaa 
Hr.  R.  Stanbovaky 
Hr.  A.T.  Wabb 


tSOr/VSSO  3240 
noi/usso  3410 
tIttS/Ar37  ProJ  Rat  2754 
TBOB/OV-IO  PreJ  Pilot  3410 
tlOB/A-37  ProJ  Pilot  3410 
TKBRS/OV-IO  ProJ  Eng  2754 
TtSSS/P-5C  ProJ  Rng  2754 


2.  Tast  Objocclvaa;  The  pritMry  objactlva  of  thla  teat  la  to  dotonlne  tha  alnlMt 
teaperature  for  reliable  engine  atart  and  oparatlon  for  the  F-5R,  A-37  and  OV-10  ualng 
JP-4  and  JP-S  foal.  An  ancillary  teat  will  be  the  cold  tanperatura  avaluatlon  9l  the 
MA-IA  atart  cart  ualng  JP-8  fuel. 


3.  Caneral  Proceduraa;  Theae  teata  will  be  conducted  In  the  Cllaatle  Laboratory  at 
Rglln  APB.  Plorlda.  All  three  aircraft  will  bo  poaltlonad  In  tha  hangar  and  bo  operator 
•equentlally .  Teat  condttlona  will  Involve  dry.  cold  waather  teata  down  to  -50OF  ualng 
bulld-up  technlquea  by  gradually  dacroaalng  taaporatuma.  The  taata  will  Include  engine 
atarta  and  engine  runs  up  to  siastaiai  power  ualng  JP-S  and  JP-4  fuel  with  anginas 
trlaiBcd  to  both  JP-4  and  JP-8  settings.  An.  approxlnata  50/50  Blxtura  of  JP-^  and  JP-8 
fuel  suy  also  be  tested  If  funding  and  tine  are  available. 


All  operations  In  tha  CllsMtlc  laboratory  will  follow  standard  laboratory  procodurai 
Prior  to  conducting  these  teats  another  safaty  review  will  be  held  at  Eglln  APB. 

4.  Specific  Procedures;  Teat  engine  operations  will  be  euspended  whenever  any  fuel, 
leaks  or  spills  are  detected  until  cleared  by  appropriate  laboratory  and  Egl^n  Fire 
Oepartnant  oersonnel. 


b.  Personnel  on  the  floor  of  the  laboratory  will  be  kept  to 
the  alnleun  practical  for  the  test  conduct. 

c.  All  engine  operations  will  be  conducted  by  crewnenbera 
uho  are  fully  qualified  to  do  so. 

d.  All  cockpit  engine  Instrwaent  are  required  to  be  operative 

for  engine  operation. 

a.  T.O.  restrictions  snd  procedures  will  be  followed  whore 
■peclflod.  If  no  specific  rest’tctlons  exist,  the  tast  will  follow  ALC  directions. 

5.  The  SRB  reviewed  the  attached  OKA  and  the  board  eonsldered  these  tests  to  be  low 
Klsk  due  to  the  extensive  experience  that  Cllnatlc  Laboratory  personnel  have  In  these 
types  of  testa  and  tha  low  probability  of  occurrence  of  the  specific  haaards. 


oaaa  as  sassi 
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ALTERNATE  FUEL 


HOT  REFUELING 


Th*  •irmft  may  be  operaled  on  JP-8,  NATO  P-34,  NATO 
P-36  or  commercial  JET  A-1  and  JET  B.  Except  tar 
Mrible  icing  and  comiion  inhibitor  dillbrenoea,  JP-4, 
r-34,  P-36  a  1  JET  A-1  are  equivalent  and  Um  aaaae 
operating  llmitationa  apply.  Except  (br  the  frooM  point 
and  pomibie  king  a-nd  corroaion  inMbitor  difTeroncea,  JET 
B  and  JP-4  are  equivalent  and  the  eame  operatini 
limitatkoa  apply. 

The  enginea  ahouid  be  trimmed  for  the  (Viei  being  used. 
Starts  with  temperature  below  -TffC  with  alternate  i\wl 
may  produce  more  smoke  and  require  a  longer  time  Ibr 
engine  light-o(T.  Ground  starts  should  not  be  made  with 
{M  temperature  below  -dOTC. 

The  (bliowing  restrictions  apply  when  25%  or  more  of  a 
second  IVtel  is  added.  Afterburner  operation  with  JP-8 
erhile  trimmed  ibr  JP-4  should  be  limited  to  mid  range 
and  below  to  prevent  afterburner  blowout  and  poosiMO 
danuge.  Operation  with  Jf'-d  while  trimmed  for  JP-6  is 
limit^  to  2.2  Ma^h  or  below  to  prevent  compresaor 
damage. 

Ihie  to  alternate  ftiel  Aeeae  ^ints,  iVtel  in  external  tanks 
may  not  transibr  after  sustained  operation  (6  minutes  or 
longer)  below  200  knots  above  25,000  ibet  or  260  knots 
alwee  46.0(X)  feet 


Stop  short  of  the  rcfbeling  area  ibr  tanks/storcs  sai^ 
check.  If  suspected  Hot  brake  or  other  unsaib  condition 
existr,  do  not  enter  reftieling  area,  follow  ground  crew 
directions  into  the  rcftteling  areo,  and  sstablish 
communkntiona  with  the  ground  crew.  If  you  suspect  a 
saalibnction  stop  reibeling.  Do  not  transmit  on  UHf 
except  in  an  emergency.  After  reibeiing  complete  and 
when  cleared  by  ground  crew,  taxi  cleor  ofthe  area.  Do  net 
use  high  power  in  congested  areas. 


Bafora  antarinc  rafualing  araa  - 

1.  After  landing  checklist  -  COMPLETE 

2.  Avlonfca-OPP(CC,AAl,lLS/TACAN,VSD,HUD. 
TEWS.  RADAR) 

3.  Left  throttle  -  OFF 

4.  Left  engine  master  switch  -  CYCLE  (botao 
TO  lF-16-572) 

5.  Caropy  -  CLOSED 

hot  reftieling  with  the  canopy  cloeed  provides 
maximum  protsetion  in  the  event  of  a  ilrt.  Do  not 
dkeonnact  poraonai  leads. 

6.  Fuel  quantit>'  -  NOTE 


F-34  Bsay  not  oontein  corrosion  inhibitor  snd  F-35,  JET 
A-1  snd  JET  B  may  not  contain  icing  or  corrosion 
iahifaiton.  Reatrict  opsration  without  king  inhilntor  to 
one  ftight  Restrict  aeration  without  corrosion  inhibitar 
to  10 '  Msee..itive  Vours. 


Ourinr  rafualing  > 

7.  Keep  hands  virible  to  reftieUng  supervisor. 

Be  prepared  to  shut  down  engine  and  evneuate 
alroraft  or  taxi  clanr  ofarea  ns  directed  by  ground 
crew  if  an  amergency  occurs. 


Altar  rahwling  -* 


B.  Fuel  quantity  indicator  -  CHECK  AND  NOTE 
AL  QUAh 


TOTAL  QUANTITY 


TABLE  OP  CQMTBIIT8 
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INTRODUCTION 


Th«  final  raport  on  tha  fual  aubsystaii  avaluatlon  will 
giva  a  briaf  daacription  of  tha  fual  ayata*  and  draw 
attantion  to  loading  particulara  and  to  tha  baaio  logic  of 
ita  oparation.  For  aaoh  taat  tha  aircraft  Modal »  daaignation 
and  aarial  nuMbar  will  ba  givan.  Tha  ganaral  approach  will 
ba  to  daacriba  aach  group  of  taata  in  turnt  briaf ly  atata 
tha  ralavant  evaluation  criteria  and  atata  whether  thaaa 
are  mat.  Thaaa  criteria  include  both  apacifioation 
raquiramanta  and  tha  ganaral  overriding  raquiraaant  for 
operational  auitability.  If  tha  fual  aubayatam  faila  to 
neat  a  apacif ication  raquiraiMnt  it  may  atill  ba  conaidarad 
operationally  acceptable}  Further  it  may  meat  apacific 
raquiramanta  and  atill  ba  conaidarad  operationally  unauitabla. 

Whan  tha  criteria  are  not  mat  enough  detail  muat  provided 
to  affectively  define  tha  abort  fall  in  aach  caaa»  tabular 
aummariaa  will  be  given.  Where  appropriate »  aa  in  dynamic 
conditions  in  ganaral »  time  histories  will  ba  presented 
with  attantion  drawn  to  tha  important  paramatara. 

For  aaaa  of  reference  objectives »  pertinent  paramenters» 
criteria  and  report  presentation  recommendations  are  aunmarised 
below  for  each  test. 

GROUND  TESTS 

Quantity  System  Calibration t 

Objectives. 

1.  To  determine  usable  fual  quantity. 

2.  TO  correlate  uaabla  fual  in  tha  aircraft 
with  indicated  fual  quantity. 

3.  If  center  of  gravity  indication  is  provided*  to 
compute  actual  versus  indicated  center  gravity. 

4.  Specific  objectives  requested  by  the  Program 

Office. 

Key  Parameters.  Actual  and  indicated  fuel  in  each 
tank,  actual  and  indicated  total  fuel,  actual  and  indicated 
fual  canter  of  gravity  if  relevant}  usable  fual,  fual  density. 

Qritaria.  Accuracy,  and  clarity,  of  fual  quantity 
presentation.  Toamants  on  behavior  of  tha  quantity  system 
presentation  under  dynamic  flight  conditions  should  be 
included.  Accuracy  of  low  and  "bingo"  warnings. 

Presentation.  Data  will  ba  presented  in  narrative 
fora  supported  by  tabular  and  graphic  data. 


Harratiy*  This  will  includa  ovarall  rasultt# 
ooncluaions,  quaiiilyin^  raiiar)cs»  ate. 

Tabular  Data  This  will  include  tha  following t 

1.  Identifying  infomation  such  aa  data*  aircraft 
aarial  number »  teat  point  number*  tank  being  filled/emptied  * 
etc. 

2.  Aircraft  weight. 

3.  Aircraft  deck  angle 

4.  Gallona  of  fuel  removed  or  added  aince  laat 

weighing. 

5.  Temperature  of  fuel 

6.  Oenaity  of  fuel  (or  apecific  weight) 

7.  Individual  fuel  quantity  gauge  readinga  and 
totalizer  readinga. 

8.  Operation  of  low  level  and  *  bingo*  fuel 

warnings. 

Graphic  Data  This  will  conaiat  of  plota  of  actual 
fuel  weight  (corrected  for  temperature/denaity)  veraua 
indicated  fuel  weight  and  indicator  error  veraua  actual 
fuel  weight  (with  production  tolerance  bands  shown). 

The  volume  of  fuel  at  each  tank  cut*^ff  will  be  shown. 

Ground  Refuel ing/Defuelinq  Evaluation t 

Objectives.  These  are t 

1.  To  determine  maximum  ground  refueling  and 
defueling  rates  for  basic  airplane  and  airplane  with  external 
tanks . 

2.  To  evaluate  ground  refueling/defueling  proce¬ 
dures  and  checklists. 

3.  Specific  objectives  requested  by  the  Program 

Office. 


Key  parameters.  These  are  refueling  rate  in 
gravity  and  pressure  retueling*  defueling  rate*  practicality 
and  problem  areas. 

Criteria.  These  are  refueling  rate  and  time  to 
refuel*  praokicaliiy  and  problem  areas  such  as  poor  acceas* 
fuel  foaming  in  gravity  refueling*  leakage*  excessive 
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manifold  pressure*  venting  and  any  other  safety  items. 

Also  ease*  practicality  and  rate  of  defueling  and  safety/ 
problem  areas  including  ease  and  safety  of  defueling  after 
a  wheelsup  landing.  If  hot  turnaround  is  required  criteria 
include  speed*  and  special  safety  procedures  required. 

Presentation.  Data  will  be  presented  in  narrative 
form  supported  by  tabular  and  graphic  data. 

Narrative  This  will  include  overall  results* 
conclusions,  qualifying  remarks*  etc. 

Tabular  Data  This  will  include  the  following: 

1.  Identifying  information  such  as  date*  aircraft* 
serial  number*  refucl/defuel  method. 

2.  Begin  and  end  fuel  quantity 

3.  Elapsed  time 

4.  Average  or  significant  pressures 

5.  Remarks 

Graphic  Data  This  will  include  the  following: 

1.  Fuel  flow/fuel  pressure  relationships 

2.  Time  history  plots  of  sirge  pressures  at  tank 

shut-off. 

3.  Still  photographs 

Accessibility  and  Maintainability  Requirements: 

Accessibility  and  maintainability  evaluation  involves 
the  Human  Factors  and  the  Reliability  and  Maintainability 
Branch  within  Flight  Test  Engineering  and  the  Technical 
Order  Verification  Management  Division  of  Maintenance  and 
Supply.  Usually  the  fuel  subsystem  flight  test  engineer 
will  not  take  the  lead  role  in  these  tests*  but  he  should 
make  hi.aself*  aware  of  what  is  being  done  and  include 
appropriate  data  and  comment  in  his  report. 

Objectives.  These  are : 

1.  To  verify  operational  suitability 

2.  To  verify  compliance  with  the  general  requirements 
of  MIL-F-038363. 


3.  To  verify  compliance  with  the  appropriate  end 
item  specification. 
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4.  Specific  objectives  requested  by  the  Program 


Office. 


Key  Parameters.  Accessibility  and  time  required  to 
perform  manual  servicing  and  maintenance#  particularly 
items  summarized  in  Table  6  (Page  65) 

Criteria.  These  are t 

1.  Accessibility 

2.  Maintainability  under  operational  condition 
with  standard  tools. 

3.  Criteria  summarized  in  Table  6. 

Presentation.  This  will  include  an  overall  assess¬ 
ment  including  favorable  comment  when  applicable.  In  cases 
where  the  aircraft  does  not  meet  requirements  sufficient 
detail  must  be  given  to  clearly  define  the  problem. 

Narrative  An  overall  assessment  will  be  given# 
supported  by  sufficient  narrative  description  to  clearly 
define  problems.  Temporary  and  permanent  solutions  will  be 
suggested  when  appropriate. 

Tabular  teta  This  will  be  used  as  appropriate  to 
summarize  results  in  readily  understandable  form.  These 
data  may  be  available  from  Reliability  and  Maintainability 
or  from  Technical  Order  Verifications. 

Graphical  Good  photographic  records  are  a  most 
effective  presentation  tool  and  are  essential. 

Ground  Fuel  Transfer  Evaluation: 


These  are : 

1.  To  evaluate  the  normal  fuel  management  system 
(if  the  fuel  management  system  is  automatic  it  may  have 
been  necessary  to  perform  these  tests#  with  engines  running# 
along  with  the  tests  with  boost  pumps  failed.  These  are 
discussed  in  the  next  group). 

2.  To  evaluate  fuel  management  procedures  and 
check  lists  presented  in  the  Flight  Manual. 

3.  To  evaluate  backup/emergency  fuel  management 
procedures  while  on  the  ground. 

4.  To  determine  fuel  transfer  rates. 
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5.  Specific  objectives  requested  by  the  Program  Office. 

Key  Parameters.  Rate  of  transfer r  center  of  gravity. 

Criteria.  Base  of  accomplishment.  Impact  on  crew 
workload,  logical  sequence,  safety  and  potential  problem 
areas.  Adequate  control  of  center  of  gravity  using  fuel 
management  proceduces  and  check  lists  presented  in  the  Flight 
Manual . 


Presentation.  Data  will  be  presented  along  with 
evaluations  of  in  flight  fuel  management  and  data  from 
inflight  fuel  transfer  tests. 

Narrative  An  overall  assessment  of  fuel  manage¬ 
ment  procedures  will  be  presented,  with  favorable  comment 
as  appropriate.  Problem  areas  should  be  clearly  defined 
and  any  temporary  or  permanent  solutions  suggested  when 
appropriate.  This  assessment  will  cover  both  normal 
sequencing  procedures  and  procedures  used  to  correct 
imbalance. 


Tabular  Data  Conditions  tested,  transfer  times 
and  other  appropriate  data  will  be  presented  in  tabular 
form. 

The  tabular  data  will  include  the  following: 

1.  Identifying  information  such  as  date,  aircraft, 
serial  number,  test  sequence  number,  etc. 

2.  Contributing  tank 

3.  Receiving  tank 

4.  Initial  and  final  quantity  readings 

5.  Center  of  gravity  before  and  after  transfer 

6.  Elapsed  time 

7 .  Remarks 

Graphical  Graphical  presentation  will  be  used  as 
appropriate.  Photographic  documentation  of  problem  areas 
is  essential.  Curves  will  be  presented  of  center  of  gravity 
versus  fuel  remaining  for  systems  using  automatic  sequencing, 
with  center  of  gravity  limits  indicated  if  appropriate. 

Ground  Evaluation  of  Operation  with  Palled  Boost  Pwiipsi 

Objectives.  These  are: 

1.  To  perform  a  preliminary  evaluation  of  fuel  feed 
with  boost  pumps  failed,  as  a  precaution  before  proceeding 
to  flight  test. 
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2.  To  perform  a  preliminary  evaluation  of  fuel  sequencing. 
When  this  Is  automatic  and  cannot  be  tested  without  running 

the  engines. 

3.  Any  specific  objectives  requested  by  the  Program 

Office. 


Key  Paryneters.  Engine  fuel  flows  and  engine  fuel  Inlet 
pressure  and,  If  fuel  management  Is  being  evaluated,  quantities 
In  Individual  tanks  and  airplane  center  of  gravity  versus 
fuel  used 

Criteria.  These  aret 

1.  Absence  of  fluctuations 

2 .  Engine  fuel  Inlet  pressure  at  least  5  psl  above 
the  fuel  vapor  pressure  (Table  8,  Page  73). 

3 .  If  automatic  sequencing  Is  being  evaluated,  control 
of  center  of  gravity  within  prescribed  limits  and  emptying 
droppable  tanks  first. 

Presentation .  Resul*-s  will  be  presented  along  with 
results  ^rom  subsequent  flight  tests  In  narrative  form 
supported  by  tables  and  time  histories. 

Narrative  The  narrative  description  will  briefly 
describe  tlhe  te'sts  performed  and  state  when  the  results  are 
satisfactory.  If  anomalies  are  encountered  these  will  be 
described  In  sufficient  detail  to  effectively  define  the 
problem. 


Tabular  Data  Tests  performed,  test  conditions  and 
data  will  be  summarized  with  appropriate  comments. 

Graphical  Data  Representative  time  histories  will 
be  presented  which  will  Include  engine  fuel  flows  and  engine 
Inlet  pressures.  If  automatic  sequencing  Is  being  evaluated, 
graphs  will  be  presented  of  individual  tank  quantities  and 
airplane  center  of  gravity  versus  fuel  quantities  with  center 
of  gravity  constraints  indicated. 

Ground  Evaluation  for  Aerial  Refueling t 

The  ground  tests  are  to  ensure  that  the  aerial 
refueling  system  Is  acceptable  to  proceed  to  flight  test. 

If  results  are  satisfactory  they  will  probably  not  be 
Included  In  the  final  report,  but  adequate  documentation. 
Including  photographic  records,  must  be  sMlntalned. 

Objectives.  Specific  objectives  are  toi 
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1.  To  perform  fit  and  functional  test'i  of  the 
aerial  refueling  syatein  and  ensure  receiver/tanker  compat- 
ability  prior  to  flight  test 

2.  To  determine  fuel  flow  rate  and  pressures  during 
fuel  transfer 

3.  To  determine  surge  pressures  when  the  tanker 
fuel  pumps  are  turned  on,  at  shut-off  of  individual  tanks 
(if  applicable)  and  at  fuel  shut-off  when  the  receiver  is 
full. 


4.  To  evaluate  lighting  for  night  refueling. 

5.  Specific  objectives  requested  by  the  System 
Program  Office. 

Criteria.  These  include: 

1.  All  components  function  satisfactorily 

2.  Tanker/receiver  compatible 

3.  Surge  pressure  within  limits 

4 .  No  leaks 

5.  Lighting  for  night  refueling  satisfactory 

Presentation.  Results  of  ground  test,  if 
satisfactory,  will  probably  not  be  included  in  the  final 
report  but  must  be  documented  for  internal  record.  Anomalies 
will  be  reported. 

Narrative  The  narrative  will  summarize  the  tests 
performed  and  provide  adeofuate  description  of  anomalies. 

Tabular  Data  Tabular  summaries  will  be  kept  on 
the  tests  performed ,  test  conditions,  results  and  comments. 

Graphical  Time  histories  will  be  kept  on  the  following: 

1.  Tanker  fuel  flow 

2.  Tanker  fuel  delivery  pressure 

3.  Tanker  fuel  temperature 

4.  Total  fuel  transferred 

5.  Receiver  manifold  pressure 

6.  Individual  tank  contents 
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7.  Number  of  tanker  pumps  operating 

8.  Surge  preaaure  at  ahut-off  and  whan  receiver  is 
filled  to  capacity. 

9.  Still  photographa  and  notion  picture  recorda 
will  be  retained. 

FLIGHT  TESTS  OTHER  THAN  AERIAL  REFUELING 

Functioning  in  Climba»  Divea  and  Maneuverat 

This  is  a  very  important  part  of  fuel  system  flight 
testing  which  must  uncover  any  potentially  dangerous 
operating  conditions  within  the  flight  envelopes  in  nominal 
and  degraded  fuel  system  operating  modes. 

Objectives.  These  are : 

1.  To  demonstrate  proper  feed  and  transfer  in 
climbs,  rapid  descents  and  all  permissible  stressing 
maneuvers. 

2.  To  demonstrate  proper  pressurization  and  venting. 

3.  To  demonstrate  proper  functions  of  explosion 
suppression  subsystem,  if  of  inert  gas  type. 

4.  Any  specific  objectives  requested  by  the  Program 

Office. 

Key  Parameters.  These  are  engine  inlet  pressures, 
boost  and  translTer  pump  pressures,  differential  pressures 
across  fuel  tank  walls  and  vent  pressures. 

Criteria.  These  are i 

1.  Satisfactory  fuel  feed  to  engines  in  all 
permissible  maneuvers. 

2.  Ability  to  complete  mission  after  a  single 

failure. 

3.  Differentral  pressures  within  design  limits. 

4.  Ability  to  recover  aircraft  after  a  double 

failure. 

5.  Immediate  attention  of  crew  never  required. 

6.  With  inert  gas  type  explosion  suppression,  the 
oxygen  content  in  the  inerted  space  not  to  exceed  10 
percent. 
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Pr»»»nf  tlon.  Data  will  be  praaantad  in  narrative 
fom  supported  by  tabular  and  graphical  data* 

Narrative  The  narrative  will  suanarise  overall 
results »  conclusions  and  any  necessary  qualifying  renarks 
or  explanation.  Satisfactory  operation  will  be  specifically 
reported.  Anonalies  will  be  reported  in  sufficient  detail 
to  clearly  define  the  problen. 

Tabular  Data  Test  conditimis  will  be  sunnariaed 
in  tables  which  will  include  the  following t 

1.  Identifying  infomation  such  as  data^  flight 
nunber,  aircraft  serial  nunber«  etc. 

2.  Begin  and  end  altitude 

3.  Engine  power  settings 

4.  Airspeed 

5.  Flight  condition,  i.e,  climb  turn,  normal  load 
facter  (n^)  sideslip,  climb  rate,  etc. 

€.  Elapsed  time 

7 .  Remarks 

Graphical  Time  histories  will  be  presented  for 
each  test  with  the  pertinent  parameters  identified  (Table 
9B). 


Functioning  and  Fuel  Management  in  Steady  Level  Plight: 

These  tests  evaluate  the  functioning  of  the  fuel  system 
in  long  range  cruise  in  the  nominal  operating  mode  and  with 
various  types  and  degrees  of  degradation  by  component 
failure. 


Objectives.  These  are i 

1.  To  demonstrate  satisfactory  feed,  transfer  and 
center  of  gravity  control  in  nominal  operation  and  with 
various  levels  of  component  failure. 

2.  To  demonstrate  low  fuel  warning. 

3.  Specific  objectives  requested  by  the  Program 

Office. 


Key  Parameters.  These  will  includes 

1.  Flight  condition  (airspeed,  altitude,  Mach  no.) 


135 


2.  Engine  settings 

3.  Engine  fuel  flow 

4.  Engine  fuel  inlet  pressures 

5.  Fuel  tesiperstures 

6.  Transfer  rates  and  sequences 

7.  Quantities  in  tanlcs 

8.  Center  of  gravity  position 

Criteria.  These  include > 

1.  Satisfactory  autosMtic  sequencing  and  center 

of  gravity  control  on  aircraft  normally  operated  hy  a  single 
pilot. 

2.  Crew  work  load*  on  aircraft  not  normally  operated 
by  a  single  pilot*  and  clarity  of  procedures. 

3.  Immediate  attention  of  crew  never  required. 

4.  Simplicity  and  clarity  of  procedures  in  degraded 

modes. 

5.  Correct  operation  of  low  level  and  "bingo" 

(pilot  set)  warnings. 

Presentation.  Results  will  be  presented  in  narrative 
form  supported  by  tabular  and  graphic  data. 

Narrative  The  narrative  will  summarise  overall 
results*  conclusions  and  any  necessary  remarks  and 
explanations.  Satisfactory  operation  will  be  specifically 
reported.  Anomalies  will  be  reported  in  sufficient  detail 
to  effectively  define  the  problem. 

Tabular  Data  Tabular  summaries  will  be  presented 
of  the  conditions  tested*  which  will  include  nominal  and 
degraded  operating  modes*  with  cotoments  on  operation  as 
appropriate.  Conditions  under  which  anomalies  occurred 
will  be  defined  in  tabular  form  listing  all  pertinent 
conditions.  These  will  vary  between  cases  but  will  at 
least  Included  the  key  parameters  listed  above. 

Graphical  Time  histories  will  be  presented  of 
the  key  parameters  in  all  anomalous  cases. 

Fuel  Transfer  Tests t 


Tests  will  also  be  made  specifically  to  evaluate  correc¬ 
tion  of  lateral  or  longitudinal  center  of  gravity  by  fuel 
transfer. 
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OI>j*ctlv.  ar*  I 

1.  To  detornino  inflight  fuol  ratos. 

2.  To  evaluate  fuel  Mnageoent  prooedurea  and 
checKlista  preaented  in  the  Plight  Manual* 

3.  Specific  object ivea  requeated  by  the  Prograa 

Office. 


Key  Paranetera.  niere  are  t 

1.  Identifying  information  auch  aa  datei  flight 
number*  aircraft  aerial  number*  teat  aequence  number*  etc* 

2.  Contributing  tank 

3.  Receiving  tank 

4.  Begin  and  end  fuel  qdhntitiea 

5.  Blapaed  time 

6.  Altitude 

7.  Airspeed 

8.  Plight  conditions*  i*e**  turn*  climb*  normal  load 
facter  (n^)*  sideslip  etc. 

9.  Crew  workload 

Criteria.  These  are : 

1.  Ease  of  accomplishment  of  transfer. 

2.  Impact  on  crew  workload 

3.  Practicability*  logical  sequence  of  check  list 
items  potential  problem  areas  and  safety* 

Presentation.  Presentation  will  be  in  the  form  of  a 
narrative  sup^rted  by  tabular  and  graphic  data  as  appropriate. 
Both  flight  tests  and  preliminary  ground  tests  will  be 
covered  * 


Narrative  The  tests  performed  will  be  briefly 
summarised  arid  overall  conclusiions  stated.  Problem  areas 
will  be  described  in  sufficient  detail  to  enable  the  reader 
to  understand  the  problem. 

Tabular  Data  These  will  summarise  the  conditions 
tested*  including  the  key  parameters  listed  above*  with 
cMSMnta. 
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Graphical  Tina  hlstorlaa  will  ba  ineludad  as 
appropriata.  Kotographic  docusantation  of  problaa  araas 
should  ba  providad  if  naadad  for  elaar  prasantatien  of 
proeadural  diffieultias. 

Fual  Jattison  Evaluationt 

Objactivas.  Thasa  ara  > 

1.  To  avaluata  tho  capability  and  aafaty  of  fual 
jattison. 

2.  To  datermina  fual  jattison  ratas. 

3.  To  avaluata  tha  ehacklists  prasantd  in  tha  Flight 

Manual . 

4.  Spacific  objactivas  raquastad  by  tha  program 

offica. 


Key  parawatars.  Thasa  ara  t 

1.  Altitude  or  altitude  range 

2.  Airspeed  or  airspeed  range 

3.  Begin  and  end  fuel  quantity  in  each  tank  being 

dumped . 

4.  Blapsed  time 

5.  Flight  conditions,  i.e.,  normal  load  factor  n^, 
sideslip,  climb,  etc. 

6.  Any  impingement  of  fuel  on  or  entry  of  fumes  into 
any  part  of  the  aircraft. 

7.  Any  safety  problems 

Criteria.  These  ara t 

1.  Ease  and  safety  of  jattison  procedure 

2.  Time  required 

Presentation.  Data  will  ba  presented  in  narrative 
form  supported  by  tabular  and  graphic  data. 

Narrative  This  will  suaauirisa  overall  results, 
conclusions  and  necessary  qualifying  remarks.  Optimum 
jattison  conditions  and  sensitivity  to  thasa  conditions 
will  be  briefly  discussed. 
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Tabttly  p>t>  Tabular  suMMirlaa  will  ba  pt—mit^wA 
of  th«  t«ai  oonduct«4«  including  thn  key  pnrnMtnrn  above » 
remarks,  and  flight  identification  (date,  flight  auaber. 
aircraft  etc.) 

Functioning  with  Cross  Peed  and  During  Traneientet 

Objectives «  These  arei 

1.  To  demonstrate  that  any /all  engines  can  be  fed 
satisfactorily  from  any  tank(s). 

To  demonstrate  that  fuel  floe  to  one  engine  can 
be  varied  vlthout  affecting  fuel  fleer  to  other  engine(s). 

3.  To  demonstrate  satisfactory  transient  response 
to  channao  in  engine  setting,  boost  pump  operation  and 
other  pertinent  operating  conditions. 

4.  kny  specific  objectives  requested  by  the  Program 

Office. 


Key  Parameters.  These  aret 

1.  Engine  fuel  inlet  pressures 

2 .  Fuel  flows 

3.  Quantities  in  tanks 

4 .  Engine  settings 

Criteria.  These  are t 

1.  That  all/any  engines  can  be  fed  from  any  feed 
tank  throughout  the  range  of  required  fuel  flow. 

2.  That  the  fuel  flow  to  any  engine  can  be  changed 
without  affecting  the  fuel  flow  to  other  englne(s). 

3.  That  no  adverse  transients  result  from  changes 
in  engine  setting,  boost  or  transfer  pump  operation  or 
cross  feed  arrangement. 

Presentation.  Data  will  be  presented  in  narrative 
form  supported  tiy  tabular  data  and  time  histories. 

Harrative  This  will  sumomriss  overall  results 
including  areas  of  satisfactory  operation,  conclusions  and 
necessary  qualifying  remarks.  Anomalies  will  be  repoxted 
in  sufficient  detail  to  effectively  define  the  problem. 
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Tabular  D>f  Tabular  sunmarlas  will  ba  praaantad 
of  tha  taais  conductad  which  will  includa  tha  kay  paraMtara 
and  appropriata  coaaanta  on  tha  raaulta* 

Graphical  Tina  historiaa  of  kay  paranatara  will 
by  praaantad  tor  all  tranaiant  raaponaa  taata. 

AERIAL  REFUELING 

Aa  has  already  bean  atatad»  aarial  rafualing  taata 
involve  the  compatibility  interface  between  two  aircraft^ 
receiver  and  tanker*  aa  wall  aa  the  functional  adequacy  of 
the  aerial  refueling  ayatam  on  tha  receiver*  Bacauaa  of 
this*  tenting*  analyaia  and  evaluation  require  flexibility 
and  alertneaa  on  the  part  of  tha  flight  teat  engineer  and 
are  leaa  auitable  than  many  other  aapacta  of  fuel  ayatam 
tenting  to  a  fixed*  cookbook  approach. 

Aerial  refueling  aubayatan  evaluation  ia  aimilar  in 
moat  reapecta  for  boom/raceptacle  and  probe/drogue  techniquea. 
For  the  aake  of  conciaanaaa  and  clarity  the  diacuaaion 
below  primarily  addraaaaa  the  boom/raceptacle  technique* 
with  variationa  aaaociatad  with  the  probe/drogue  tachnlgua 
pointed  out  when  neceaaary. 

The  following  areaa  will  now  be  diacuaaadt 

1.  Flight  envelope  evaluation 

2.  Contact  and  dlaconnect  envelope  evaluation 

3,  Fuel  tranafer  rate  and  preaaure  aurge 

4,  Reverae  refueling 

5*  Bmergency/backup  mode  evaluation 

6.  Night  operation 

Flight  Envelope  Bvaluationi 

Objective .  Tha  objective  of  thia  phaae  ia  to 
determine  Che  beat  airapa^/altituda  rangea  over  which  the 
receivera  and  the  tanker  are  compatible  over  adequate  rangea 
of  groaa  weighta. 

Key  Parametera*  Theae  are  t 

1.  Receiver  and  tanker  groaa  weighta  and  centera  of 
gravity. 

2.  Airapeed 


3.  Altitude 

4 .  Turbulence 

5.  Relative  poeltione 

6.  Engine  settings 

7.  Flap  settings/speed  brake  settings 

8.  Any  handling  problems 

Criteria*  These  are t 

1.  Ease  of  position  keeping »  handling  qualities. 

2.  Weight,  altitude  and  speed  ranges  over  which  the 
tanker  and  receiver  aircraft  are  compatible  sufficient  for 
adequate  fuel  transfer. 

Presentation.  This  will  consist  of  a  narrative 
supported  by  tabular  and  graphical  data  (including  photographic). 

Narrative  A  narrative  discussion  will  be  presented 
of  the  speed/aiiitude/weight  and  relative  position  compat¬ 
ibility  envelopes,  and  of  the  assoclatead  handling  qualities 
of  the  two  aircraft.  Comments  will  be  made  on  the  factors 
limiting  the  range  of  compatibility  and  on  any  significant 
problem  areas.  In  tests  using  a  Boom  Drogue  Adapter  the 
limits  on  boom  elevation  angle  will  be  discussed. 

Tabular  Data  Tabular  summaries  will  be  presented 
of  the  key  parameters  for  all  conditions  tested  with 
appropriate  remarks. 

Graphical  Plots  will  be  presented  of  the  altitude, 
airspeed,  boom  angle  and  boom  extension  envelopes. 

Photographs  will  be  included  as  appropriate.  (Photo  coverage 
under  the  next  tests  (contact  and  disconnect)  may  be 
sufficient.) 

Contact  and  Disconnect  Envelope  Evaluation! 

Objective.  The  objective  of  this  test  is  to 
establllsh  the  boom  asimuth,  elevation  and  extension 
envelopes  (KC-135)  or  roll,  elevation  and  extension  envelopes 
(KC-10)  over  which  contacts  and  disconnects  can  be  performed 
without  Interference  or  binding  between  boom  nossle  and 
receptacle  or  other  problems.  For  probe/drogue  refueling 
with  the  KC-130  or  KC-10  the  parameter  is  the  position  of 
the  receiver,  since  there  Is  no  boom. 

Key  Parameters.  These  are t 
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1.  Plight  condition* 

2.  Boom  elevation  (if  applicable) 

3.  Boom  azimuth  (KC-13S)  or  roll  angle  (XC-10)  (if 
applicable) 

4.  Boom  extension  (if  applicable) 

5.  Receiver  position  (probe /drogue)  at  inner  and 
outer  drogue  limits. 

6.  Boom/probe  loads  at  contact  or  disconnect 

7.  Drogue  extension  ( probe /drogue ) 

8.  Turbulence  (normally  qualitative*  but  supported 
by  quantitative  measure  if  available). 

Criteria.  These  are: 

1.  Boom/probe  loads  at  disconnect 

2.  Clean  disconnect 

3.  Envelope  limits 

Presentation,  k  summary  narrative  will  be  given* 
supported  by  tabular  and  graphical  data  including  photographs. 

Narrative  An  overall  narrative  summary  will  be 
presented  giving  areas  of  satisfactory  operation  and  discussing 
the  criteria  by  which  the  disconnect  envelopes  were 
established.  Problem  areas  such  as  binding  of  the  nozzle 
will  be  adequately  defined. 

Tabular  Data  Tabular  summaries  will  be  presented 
for  all  the  tests  giving  test  identification  data*  the 
values  of  the  control  parameters  and  comments. 

Graphical  Plots  will  be  provided  of  the  disconnect 
envelope.  Photographs  will  be  included  as  appropriate. 

Fuel  Transfer  Rate  and  Pressure  Surge  Evaluation: 

Objectives.  This  is  to  determine  the  maximum 
transfer  flow  rates  which  can  be  achieved  without  exceeding 
the  design  limits  on  steady  state  and  surge  pressures  and 
the  associated  combination  of  receiver  tanks  and  flow 
rates  (number  of  operating  tanker  pumps). 
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Key  Parameters.  These  are t 

1.  Surqr'  pressures 

2.  Steady  pressures 

3.  Fuel  flow  rate 

4.  Receiving  tanks 

5.  Number  of  tanker  pumps  operating 

6.  In  the  case  of  probe/drogue  refueling r  time  to 
completely  fuel  the  receiver  from  minimum  fuel  to  full. 

7.  In  the  case  of  the  KC-130,  surge  pressure  due 
to  disconnect  of  a  second  receiver  aircraft  on  the  opposite 
drogue . 


8.  Total  fuel  transferred. 

Criteria.  The  surge  and  steady  state  pressures 
must  be  within  design  limits  when  the  particular  combination 
of  receiver  tanks  and  flow  rates  is  used. 

Presentation.  Presentation  will  consist  of  narrative, 
supported  by  tabular  and  graphical  data  (including  photographic) 

Narrative  A  narrative  summary  will  be  presented  of 
overall  results  arid  conclusions,  with  qualifying  comments 
as  necessary.  Anomalies  will  be  described  in  sufficient 
detail  to  effectively  define  the  problem. 

Tabular  Data  Tabular  data  will  include  the  following 

1.  Identifying  data  such  as  date,  flight  number, 
aircraft  serial  number,  day  or  night,  test  sequence  number, 
wet  or  dry  contact,  type  disconnect,  etc. 

2.  Boom  position 

3.  Airspeed 

4.  Altitude 

5.  Fuel  flowrate 

6.  Steady  state  fuel  pressure 

7.  Number  and  identification  of  receiver  tanks 

8.  Surge  pressure 

9.  No.  of  tanker  pumps  used 
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10.  Total  fuel  transferred 


11.  Flight  conditions 

12.  Remarks 

Graphical  The  graphic  data  will  present  fuel  flow 
versus  number  of  accepting  tanks  and  fuel  manifold  pressure 
versus  fuel  flow.  Photographs  will  be  included  as 
appropriate . 


Reverse  Refuelinc 


: 


Objective .  The  objective  of  this  task  is  to  verify 
the  feasibility  of  reverse  refueling  from  a  large  receiver 
aircraft  to  the  tanker  and  to  determine  the  relationship 
between  flow  rate  and  the  number  of  supplying  tanks/pumps 
per  tank  being  used  to  reverse  refuel  the  tanker. 


Parameters. 


These  are : 


1.  Flow  rate 


2.  Number  of  supplying  tanks/pumps 

3.  Tanks  being  reverse  refueled 

4.  Manifold  pressures 

5.  Total  fuel  transferred 


Criteria.  The  primary  criteria  are  flow  rate  and 
the  required  numbers  of  supplying  tanks  and  pumps  per  tank. 

Presentation.  Results  will  be  presented  in  the  form 
of  narrative  supported  by  tabular  and  graphical  data  with 
photographs  as  appropriate. 


Narrative  The  narrative  will  summarize  overall 
results,  primarily  feasibility  and  capability,  with  comments 
and  qualifying  remarks  as  necessary. 


Tabular  Data  Tabular  data  will  include  flight/test 
It ion,  the  above  key  parameters  and  comments. 


Graphical  Curves  such  as  plots  of  flow  rate  versus 
number  of  pumps  should  be  presented  if  the  results  are 
compatible  with  this  format,  with  photographs  as  appropriate. 
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Bwerqency/Backup  Mode  Evluationi 


Objective.  The  objective  of  this  talk  is  to  evaluate 
functioning  in  emergency/backup  modes  such  ast 

1.  Manual  opening  of  refueling  door 

2.  Emergency  boom  latching 

3.  Stiff  boom  refueling  (pressure  refueling) 

4.  Tension  disconnects 

5.  Independent  disconnect  (KC^IO). 

Key  parameters. 

Manual  opening  of  refueling  door  Simple  verification 
unless  problems  occur,  then  the  nature  and  flight  circumstances 
of  the  problems. 

Emergency  boom  latching  As  above 
Stiff  boom  refueling  Key  parameters  are 

1.  Flow  rate 

2 .  Fuel  pressure 

3 .  Flow  leakage 

4.  Flight  conditions 

Tension  disconnects  Key  parameters  are 

1.  Boom  loads  at  tension  disconnect  and  independent 
disconnect . 


2.  Boom  position 

3.  Flight  conditions 

Presentation.  Reporting  will  consist  of  a  narrative 
summary  of  results  supported  as  necessary  by  tabular  and 
graphical  (including  photographic)  data. 

Narrative  Narrative  reporting  of  objectives  1  and 
2  will  simply  report  verification  unless  problems  are 
encountered r  in  which  case  the  problems  must  be  discussed 
in  sufficient  detail  to  effectively  define  their  nature. 
Narrative  reporting  of  objectives  3,  4  and  5  will  summarise 
results  with  appropriate  comments  and  qualifications* 
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Tabular  Data  If  anomalies  occur  with  objectives 
1  and  2  sufticient  tabular  data  will  be  presented  to  effec¬ 
tively  summarize  the  problems  and  the  conditions  under 
which  they  occur.  For  objectives  3  and  4  tabular  data 
will  be  presented  which  will  Include. 

1.  Flight  and  test  identification 

2.  Flight  conditions 

3.  Fuel  flow  rate  (objective  3) 

4.  Fuel  leakage  (objective  3) 

5.  Boom  position 

6.  Boom/loads  at  disconnect  (objective  4) 

Graphical  Photographs  must  be  provided  as  appropriate 
to  illustrate  problem  areas. 

Night  Operation: 

Objective.  The  objective  of  this  test  is  to  evaluate 
the  suitability  of  the  lighting  for  night  operation. 

Criteria  and  Key  Parameters.  These  are; 

1.  Similarity  of  approach;  hookup,  disconnect,  and 
backaway  procedures  to  daylight  operations. 

2.  Effectiveness  placement,  brightness/dimness  and 
aiming  of  receptacle  and  formation  lights > 

3.  Availability  and  usefulness  of  visual  references, 
vertigo  tendencies,  etc. 

4.  Distractive  light  sources  within  the  receiver 
cockpit  such  as  instruments,  radar  scopes,  etc. 

! 

5.  Effectiveness  of  director  lights 

Presentation.  A  narrative  presentation  will  be 
used  summarizing  the comments  made  by  a  cross  section  of 
crews  in  both  aircraft  on  the  above  subject.  Photographic 
illustrations  should  be  Included  if  appropriate. 


146 


ALL-WEATHER  TESTING 

All  weather  testing  of  the  fuel  eysten  is  integrated 
into  all  weather  testing  of  the  total  aircraft  and  suK>ort 
system  to  evaluate  operational  suitability  over  the  full 
required  range  of  environmental  conditions*  For  detail  of 
facilities  and  procedures  See  Reference  3* 

Objectives t 

These  are: 

1.  To  verify  that  the  fuel  system  operates  without 
deficiencies  over  the  full  range  of  environmental  conditions 
without  attention  from  the  crew. 

2.  To  verify  serviceability  and  maintainability  over 
the  full  required  range  of  environmental  conditions. 

3.  Any  specific  objectives  requested  by  the  System 
Program  Office. 

Key  Parameters: 

These  are  the  parameters  identified  in  Table  9A  and  9B 
(Page  72)  for  the  individual  tests  discussed  earlier  plus 
any  additional  parameters  necessary  to  define  test  conditions 
such  as: 

1.  environmental  parameters  (  test  humid ity»  dew  pointy 
rain  conditions) 

2.  duration  of  hot  or  cold  soak. 

3.  fuel  temperatures 

Criteria; 

These  are  for  the  individual  tests  discussed  earlier  plus; 

1.  functioning  of  seals  etc 

2.  functioning  of  components  such  as  refueling  doors r 
latches »  etc. 

Presentation; 

There  may  be  two  reports.  An  All-Weather  testing  report 
will  address  the  All-Weather  test  program  as  a  whole f 
describing  the  test  setup  and  giving  full  details  of  the 
operational  profiles  flown  or  simulated.  Results  specific 
to  the  fuel  system  will,  howeverr  usually  be  reported  In  a 
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fuel  Bubeystero  evaluation  report.  Thle  report  will  euMnariBe 
the  test  conditions  covered  and  the  types  of  operational 
profiles  flown  or  sinulated. 

Narrative.  A  narrative  suBUMry  will  be  given 
including  a  general  statement  of  satisfactory  operation  of 
a  component  when  appropriate.  Problem  areas  will  be  reported 
in  sufficient  detail  to  clearly  define  the  problems  end  the 
conditions  under  which  they  occur. 

Tabular  Data.  Complete  tabular  summaries  must  be 
presented  ot  the  teats  and  test  conditions  with  comments. 

Graphical .  Time  histories  and  other  graphical  data 
will  be  presented  as  appropriate.  Full  photographic 
documentation  is  essential. 

ALTERNATE  FUEL  TESTING 

Objectives:  These  are : 

1.  To  evaluate  fuel  subsystem  operation  on  alternate 

fuels. 

2.  To  identify  differences  in  operating  characteristics 
of  the  fuel  system  with  alternate  fuels  as  compared  to 
operation  on  the  primary  fuel. 

3.  To  check  for  leaks 

4.  Specific  objectives  requested  by  the  System 
Program  Office. 

Key  Parameters: 

Key  parameters  are  fuel  transfer  and  eg  control » 
fuel  temperature,  quantity  system  calibration. 

Criteria: 


The  fuel  system  shall  function  satisfactorily  over 
the  full  range  of  operational  conditions  using  nominal 
procedures  or  reasonable  special  procedures. 

Presentation: 

Data  appropriate  to  the  specific  test  will  be 
presented,  as  discussed  above  for  tests  with  the  baseline 
fuel  under  the  appropriate  headings.  Fuel  sample  reports 
on  the  batches  of  alternate  fuel  used  will  be  included 
(heat  of  combustion,  density,  viscosity,  flash  point). 
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SktiMCactory  op«ration  will  b*  suiMMrlBtd  In  cl«ar  ntntBMntt 
that  tha  function  waa  aatisfaotorlly  parforaad.  Problaa 
araaa  will  ha  raportad  In  sufflelant  detail  to  elaarly 
atata  tha  problaa  and  tha  eonditiona  under  which  it  waa 
ancountarad,  with  photographa  aa  appropriate. 
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